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h p d tk t th 6 m t f t tt h that th 

b y m d ly mj h 1 tb t bj t f 

Bl p p 1 ly th if h w t ) h t i by th 
puslfthm I wkfB I dPItt 

Wheu the student shall have gone through theae pages, and 
repeated the Farious reactions described, then he will be fully 
prepared to enter npon tke study of the larger works. To 
progress through them will then be but a comparatively easy 
task. 

The arrangement of this little work has been such as the 
author and his friends have considered the best that could be 
devised for the purpose of facilitating the progress of tlio 
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student. "Whether wo have snceeeded is left for the public to 
decide. The author is iudebted to seyeral of his friends for 
valuable contributions and s 



S. 

Cincinnati, June, 1867. 
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Part First. 



THE USE OF THE BLOWPIPE. 

P HAP1 durin' the lt«t fifty year- no department of chrin 
trj ha. b li 1 as tk t 1 t g t an Ij I j m 

f th Bl wp p 

Th Rh tl w a t f m f th 

fth tmthaa It hd fift 

th t w 1 g! t t te m ts A Ij tl d y 

y t d t t t ly th icef w y Th 

pul t mj 1 1 -p 1 1 d th It 

I d 1 t t tl t th Bl wp p ly t ly 

ifi d mpl t th idt f ly tb w t w y 

b t t g m 1 t 1 f th p 

I f y 1 t wh h w Id t 1 tl 

dttdltth ghat 11 m dtd | 
1 i; b th p 1 xity d t m f t tl 1 t t 

tm g mm 1 

M 1 -t b t ^ tl ^h Bi wp I pit 

1 f ti 1 1 tt 1 t ! tl t 

1 
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The apparatus and reagents employed are compendious and 
small in number, so that they eau be carried easily while on 
scientific excursions, a considerable advantage for mineralogists 
and metallurgists. 

The principal operations with the Blowpipe may be ex- 
plained briefly as follows : 

(a.) By Igmtion is meant the exposure of a substance to 
h d f h t th t t gl m t 1 ht b m 

dl It test 1 tti p t f i tl 

It f m 1 1 1 1 wk h t ly fi d 

t th t mp t ff f th fl ra I th w ly t k 

g f tl 1 tt fi 1 i t 1th 1 my 

t wmk f tftlrT fh 

th d t f b t f mi 1 th i d 

flramCO) t Ibl dfit d 

p hm y mi t f th I t f t wh th 

th bj t f q y b mb t n of an oigaoic or inor- 

g t 

Tl PI t d f tl p I se are cru^'iblfs of pb- 

t m 1 pi t f 1 [! t m spoon, platinnm wire 

tg 1 Ig! tb dirn spoons 

(b) S bl I tl t p ot 1 y which wc convert a solid 

b t t p by ft ong heat. These vapors 

d d by f t t the solid form. It may be 

trmd dtllt f Id b tance. Sublimation is of 

gt q tlltt f many substances ; for 

t ram tmym ytc. 

Tl pi t d f tl p J es of sublimation consist 

f gl t b I d t d 

( ) F m. — M y bt wl ea exposed to a certain 

dg fhtl tl Idfm and are converted into 

1 "I d Tl b t wh 1 d not become converted 

to th 1 q d t t by h t d to be infusible. It is a 

t 1 fit t rr bstances into those which 

fu. bl w th 1 fti It 1 th which are easily fusible, 

Vyttw ttf ftli iirpose of decomposing a 
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substance, or to cause it to enter into other combinations, by 
wliicli means it is the more readily detected. If insoluble sub- 
stances are fused with others more fusible (reagents) for the 
pnrpose of causing a combination which is soluble in water and 
acids, the operation is termed wnclonng. These substaaces are 
particularly the sdioates and the sulphates of the alkaline 
earths. The usual reagents resorted to for this purpose are 
carbonate of boda (NaO, CO'), carbonate of potash (KO, 
CO'), or stdl better, a mixture of the two in equal parts. lu 
some cases we use the hydrate of barytes (BaO, HO) and the 
bisulphate of potash (K.0, 2S0'). The platinum spoon is 
generally used for this manipulation. 

Substances are exposed to fusion for the purpose of getting 
a new combmation which has such distinctive characteristics 
that we can class it under a certain group ; or for the purpose 
of ascertaining at once what the substance may be. The re- 
agents used for this purpose are borax (NaO, 2BrO') and 
the microcosmic salt (NaO, NH'O, PC", HO), Charcoal 
and the platinum wire are used as supports for this kind of 
operation. 

(i^.) Oxidatton. — The chemical combination of any substance 
with oxygen is termed oration, and the products are termed 
oxides. As these osides have qualities differing from those 
which are non-oxidized, it therefore frequently becomes neces- 
sary to convert substances into oxides ; or, if they are such, 
of a lower degree, to convert them into a higher degree of 
oxidation. These different states of oxidation frequently pre- 
sent characteristic marks of identity sufficient to enable us to 
draw conclusions in relation to the substance under examina- 
tion. For instance, the oxidation of manganese, of arsenic, etc. 
The conditions necessary for oxidation, are high temperature 
and the free admission of air to the substance. 

If the oxidation is effected through the addition of a sub- 
stance containing oxygen (for instance, the nitrate or chlorate 
of potash) and the heating is accompanied by a lively defla- 
gration and crackling noise, it is termed detonation. By this 
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process we frequeatly effect tlie oxidation of a substance, and 
thus we prove the presence or the abaeace of a certain class 
of substances. For instance, if we detonate (as it is termed 
by the German chemists) the anlphide of antimony, or the 
snlphide of arsenic with nitrate of potash, we get the nitrate 
of antimony, or the nitrate of arsenic. The salts of nitric or 
chloric acid are determined by fusing them with the cyanide 
of potassinm, because the salts of these acids detonate. 

(a.) Redudion. — If we deprive an oxidized substance of its 
oxygen, we term the process reduction. This is effected by 
fusing the substance nnder examination with another which 
possesses a greater afBuity for oxygen. The agents used 
for redaction are hydrogen, charcoal, soda, cyanide of potas- 
sium, etc. Substances generally, when in the nnosidized state, 
have such characteristic qaaUties, that they cannot very readily 
be mistalten for others. For this reason, redaction is a very 
excellent expedient for the purpose of discerning and classifying 
many substances. 



We shall give here a brief description of the most necessary 
apparatus used for analysis in the dry way, and of their use. 

The Blotepijie is a small instrument, made generally out of 
brass, silver, or German silver, and was principally used in ear- 
lier times for the purpose of soldering small pieces of metals 
together. It is generally made in the form of a tube, bent at 
a right ai^le, but without a sharp corner. The largest one is 
about seven inches long, and the smallest about two inches. 
The latter one terminates with a small point, with a small 
orifice. The first use of the blowpipe that we have recorded 
is that of a Swedish mining officer, who used it in the year 1138 
for chemical purposes, but we have the most meagre accounts 
of bis operations. la 1158 aaother Swedish mining officer, by 
the name of Cronstedt, published his " Use uf the Blowpipe in 
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Chemistry and Mineralogy," translated into English, ia ITTO, 
by Van Engestroem, Bergman extended its use, and after 
him Ghan and the venerable Berzelina 
(1821). The blowpipe most generally 
used in chemical examinations is com- 
posed of the following parts : (Fig. 1.) 
A is a little reservoir made air-tight by 
grinding the part B into it. This re- 
servoir serY03 the purpose of retaining 
the moisture with which the air from 
the mouth is charged. A small coni- 
cal tube is fitted to this reservoir. 
This tube terminates in a fine ori- 
fice. 'As this small point is liable to 
get closed up with soot, etc., it is bet- 
ter that it should be made of platinum, 
so that it may be ignited. Two of 
these platinum tubes should bo supplied, 
differing in the size of the orifice, by 
which a stronger or lighter current 
of flame may be projected from it, 
Metals, fcuch as brass or (rerman sil- 
ver, arc very liable to become dirty 
through oxidation, and when placed 
between the lips arc liable to im- 
part a disagreeable taste. To avoid 
this, the top of the tube must be su\>- 
plicd with a mouthpiece of ivory 
or horn C. The blowpipe here repre- 
sented is the one used by Ghan, and 
approved by Betzelius. The trumpet mouthpiece wa=! adopted 
by Plattner , it la pressed upon the lips while blowing, which 
is l^stuesome than holding the monthpieee between the lips, 
although many prefer the latter mode 

Dr. BJacli'a blowpipe is as good an instrument and cheaper. 
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The Ei.owpipe. 



It consists of two tubes, soldered at a right aagie ; the larger 
one, into which the tur is blown, is of sufficient capacity to 
serve as a reservoir. 

A chemist can, with a blowpipe and a piece of charcoal, 
determine many substances without any reagents, thus enablii^ 
him, even when travelling, to make useful investigations with 
means which are always at his disposal. There are pocket 
blowpipes as portable as a pencil case, such as Wollaston's 
and Mitscherlich's ; these are objectionable for continued 
use as their construction requires the use of a metallic 
mouthpiece. Mr. Oasamajor, of New York, has made one 
lately which has an ivory mouthpiece, and which, when in use, 
ia like Dr. Black's. 

The length of the blowpipe is generally seven or eight 
inches, but this depends very much upon the visual angle of 




JV^ 



the operators. A short-sighted person, of course, would 
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require an instrument of less lengtli tlian would suit a far- 
sighted person. 

The purpose required of the blowpipe is to introduce a fine 
cnrrent of air into the flame of a candle or lamp, by which a 
higher degree of heat is induced, and consequently combustion 
is more rapidly accomplished. 

By inspecting the Jlame of a candle burning under usual 
circumstances, we perceive at the bottom of the flame a por- 
tion which is of a light blue color (a J), Fig. 2, which gra- 
dually diminishes in size as it recedes from the wick, and disap- 
pears when it reaches the perpendicular side of the flame. la 
the midst of the flame there is a dark nucleus with a conical 
form (c). This is euTcloped by the illuminating portion of the 
flame {d). At the exterior edge of the part d we perceive a 
thin, scarcely visible veil, a, e, c, which is broader near the 
apex of the flame. The action of the burning candle may be 
thus explained. The radiant heat from the flame melts the 
tallow or wax, which then passes up into the texture of the 
wick by capillary attraction until it reaches the glowing wick, 
where the heat decomposes the combustible matter into carbo- 
nated hydrogen (C'H'), and into carbonic oxide (CO). 

While these gases are rising in hot condition, the air comes 
iu contact with them and effects their combustion. The dark 
portion, c, of the flame is wliere the carbon and gases have not 
a sufhciency of air for their thorough combustion ; but gra- 
dually they become mixed with air, although not then suETicient 
for complete combustion. The hydrogen is first oxidized or 
burnt, and then the carbon is attacked by the air, although par- 
ticles of carbon are separated, and it is these, in a state of 
intense ignition, which produce the illumination. By bringing 
any oxidizable substance into this portion of the flame, it oxi- 
dizes very quickly in consequence of the high temperatnre and 
the free access of air. For that reason this part of the 
flame is termed the oxidizing flame, while the illuminating por- 
tion, by its tendency to abstract oxygen for the purpose of 
complete combustion, easily reduces oxidated substances 
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brought into it, and it is, therefore, called the flame of redac- 
tion, lu tlie oxidizing flame, on the cootrary, all the carbon 
which exists in the interior of the flame is oxidized into 
carbonic acid (CO') and carbonic oxide (CO), while the 
bine color of the cone of the flame is caused by the complete 
combustion of the carbQuic oxide. These two portions of the 
fiarae — -the oxidizing and the reducing — are the principal 
agents of blowpipe analysis. 

If we introduce a fine current of air into a flame, we notice 
the following : The air strikes first the dark uucleus, and forc- 
ing the gases beyond it, mixes with them, by which oxygen ia 
mingled freely with them, Tbis effacts the complete combus- 
tion of the gases at a certain distance from the point of the 
blowpipe. At tliis place the flame has the highest tempera- 
ture, forming there the point of a b!ue cone. The illnminated 
or reducing portion of the Same is enveloped outside and 
inside by a very hot flame, whereby its own temperature is so 
mach increased that ia this reduction-flame many substances 
will undergo fusion whicli would prove perfectly refractory in 
a common flame. The exterior scarcely visible part loses its 
form, is diminished, and pressed more to a point, by which its 
heating power ia greatly increased. 

The Bliist of Air. — By using the blowpipe for chemical pur- 
poses, the effect intended to be produced is an uninterrupted 
steady stream of air for many minutes together, if necessary, 
without an instant's cessation. Therefore, the blowing can 
only be effected with the muscles of the cheeks, and not by the 
exertion of the lungs. It is only by this means that a steady 
constant stream of air can be kept ap, while the lungs will not 
be injured by the deprival of air. The details of the pro- 
per manner of using the blowpipe are really more difficult to 
describe than to acquire by practice ; therefore the pupil is 
requested to apply himself at once to its practice, by which he 
will soon learn to produce a steady current of air, and to dis- 
tinguish the different flames from each other. We would 
simply say that the tongue mast be applied to the roof of the 
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mouth, so as to interrupt tlie coininaQicatioii between the 
passage of the nostrils aud the mouth. The operator now fills 
his mouth with air, which is to be passed through the pipe by 
compressing the muscles of the cheeks, while he breathes 
through the nostrils, and uses the palate as a valve. When 
the mouth becomes nearlj empty, it is replenished by the 
innga in an instant, while the tongue is momentarily withdrawn 
from the roof of the month. The stream of air can be continued 
for s, long time, without tlie least fatigue or injury to the lungs. 
The easiest way for the student to accustom himself to the 
use of the blowpipe, is first to leai'n to fill the mouth with air, 
and while the lips are kept firmly closed to breathe freely through 
the nostrils. Having effected this much, he may introduce the 
m thp f t! bl t p 1 tw hip By fl t g th 

h k d h th th gh th t 1 h w 11 I 

t th trum t w th t th I t f t g Th 

f d th h th t b ^ t th fl m by th t f tl 
ml f th h k whd h t t b th w th t 

t pt th gh th t I H g 1 ltd 

with thp tnlyq mpttpd 

t dy J t f fl ra A d f t th tui f th ml t b! 
edabdl ha.fihil Ithk dbyl td 

m by dirt dirty tt w k f mm d a 

d ty w kh U wa t f t 1 f th ha d th t 

h Id th bl wp p w 1! p t t ly j t f fl m But 

f [ tly th f It h th h f th j t t m II 

a h 1 t p t 1 t PI g by du-t wl h II i t 

t dj J t f d I 1 1 dif& Ity W th g 1 bl p p 

the air projects the entire flame, forming a horizontal, blue 
cone of flame, which convei^es to a point at about an inch from 
the wick, with a, larger, longer, and more luminous flame 
enveloping it, and terminating to a point beyond that of the 
bine flame. 

To produce an efficient flame of oxidation, put the point 

of the blowpipe into the flame about one third the diameter 

of the wick, and about one twelfth of an inch above it. This, 
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however, depends upon the size of the flame used. Blow strong 
enough to keep the flame strsught and horizontal, using the 
largest orifice for the purpose. Upon examining the flame 
thus produced, we will observe a long, blue flame, a, b, Pig. 3, 
which letters correspond with the same letters in Fig. 2. But 
this flame has changed its form, and contains all the combus- 
tible gases. It forms now a tMn, blue cone, which conTei^es 
to a point about an inch from the wick. This point of the 




flame possesses the highest intensity of temperature, for there 
the comb t n of the gases is the most complete. In the 
original il m tl bott t part forms the external envelope, 
but here t s mp 1 more into a point, forming the cone 
of the bin flam anl 1 kewise an envelope of flame surround- 
ing the bl e n xt nling beyoud it from » to c, and present- 
ing a light Hu h o b wnish color. The external flame has 
the highe 1 1 mp at e at d, but this decreases from d to c. 

If the a y b h temperature, the oxidation is not 
effected s eadfly n many cases, unless the substance is removed 
a little from the flame ; but if the heat be not too high, it is 
readily oxidized in the flame, or near its cone. If the current 
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of air is blown too freely or violently into the flame, more air is 
forced there than is sufQcient to consume the gases. This 
superfluous air only acts detrimentally, by cooling the flame. 

In general the operation proceeds best when the substance is 
kept at a dull red heat. The blue cone must be kept free from 
straggling rays of the yellow or reduction flame. If the analy- 
sis be effected on charcoal, the blast should not be too strong, 
as a part of the coal would be converted into carbonic oxide, 
which would act antagonistically to the oxidation. The oxida- 
tion flame requires a steady current of air, for the pnrpose of 
keeping the blue cone constantly of the same length. For the 
purpose of acquiring practice, the following may be done : 
Melt a little molybdenic acid with some borax, upon a platinum 
wire, about the sixteenth of an inch from the point of the blue 
cone. In the pure oxidation flame, a clear yellowish glass is 
formed ; but as soon as the reduction flame reaches it, or the 
point of the blue cone touches it, the color of the bead changes 
to a brown, which, finally, after a little longer blowing, becomes 
qmte dark, and loses its transparency. The caase of this is, 
that the molybdenic acid is very easily reduced to a lower 
degree of oxidation, or to the oxide of molybdenum. The 
flame of oxidatioa will again convert this oxide into the acid, 
and this conyersion is a good test of the progress of the student 
in the use of the blowpipe. In cases where we have to sepa- 
rate a more oxidizable substance from a less one, we use with 
success the blue cone, particularly if we wish to determine whe- 
ther a substance has the quality, when submitted to heat in the 
blue cone, of coloring the external flame. 

A good reduction flame can be obtained by the use of a small 
orifice at the point of the blowpipe. In order to produce such 
a flame, hold the point of the blowpipe higher above the wick, 
while the nozzle must not enter the flame so far as in the pro- 
duction f th dat n flame. The point of the blowpipe 
shoiild !y ton h the flame, while the current of air blown into 
it must 1 t ong tha into the oxidation flame. If we pro- 
ject a t a a th manner mentioned, into the flame, from 
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the smaller sido of the wiek to the middle, we shall perceive tlie 
i to a long, narrow, luminous cone, a b, Fig. 4, 



ssiiS^ 




the end a of which is enveloped by the same dimly visible blne- 
ish colored portion of the fl m wh h j th 

original flame, with its point t Th p t 1 I th 
wiek, presenting the dull app a d by th 

gases which have not suppli d t th m t J t 

sume them entirely. The hyd g n is m d wh 1 th 

carbon is separated in a atat f 1 ht g t and f m th 
internal flame. 

Directly above the wick, th ml t f tl g 1 an.t 

complete, and forms there 1 k wi a th th f 

flame, a dark blue nucleus d. 

If the oxide of a metal is 1 ugbt t th ! m [ t 

of the flame produced as abo th t th fl m 1 p th 

substance perfectly, the acee fa [ t d Th i a 

tially consumed gases have nwat gffityf ja 

under the influence of the int h t f th t p t f th fl 
The substance is thus deiwiv Ifapt thwhl ft 
oxygen, and becomes rerfiKW? at 1 n t tl t gth fth afB 
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ity whicli the substance itself has for oxygen. If the redaction 
of a sabstanc^ is undertakea on platinum, by fusion with a flux, 
and if the oxide is difScnlt to rednce, the redaction will be 
completely effected only in the luminous part of the flarae. 
But if a substance be reduced on charcoal, the reduction will 
take place in the blue part of the flame, as long as the access of 
air is cut off ; but it is the luminous part of the liame whicli 
really possesses the greatest reducing power. 

The following should be observed in order to procure a good 
reduction flame ; 

The wick should aot be too iong, that it may make a smoke, 
nor too short, otherwise the flame will be too small to produce 
a beat strong enough for reduction. 

The wick must be free from all loose threads, and from char- 

The blast should be continued for a considerable time with- 
out intermission, otherwise reduction cannot be effected. 

For the purpose of acquiring practice, the student may fuse 
the oxide of manganese with borax, upon a platinum wire, in 
the oxidation flame, when a Tiolet-red glass will be obtained ; 
or if too much of the oxide be used, a glass of a dark color and 
opaque will be obtained. By submitting this glass to the 
reduction flame, it will become colorless in correspondence to 
the perfection with which the flame is produced. Or a piece 
of tin may be fused upon charcoal, and kept in that state for a 
considerable time, while it presents the appearance of a bright 
metal on the surface. This will require dexterity in the opera- 
tor ; for, if the oxidation flame should chance to touch the 
bright metal only for a moment, it is coated with an infusible 

Combustion. — Any flame of sufficient size can be used for 
blowpipe operations. It may be cither the flame of a candle 
of tallow or wax, or the flame of a lamp. The flame of a wax 
candle, or of an oil lamp is most generally used. Sometimes a 
lamp is used filled with a solatlon of spirits of turpentine in 
strong alcohol. If a candle is used, it is well to cut the wick 
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off short and to bend tbe nick a little toward the bi 
experimented upon But candles are aut tlie beet for blowpipe 
opeiitions aa tbe radiant beat leflecting from tbe 'inb'itaace 
upon tbe wax or tallow will cause it to melt and run down tbe 
side of tbe cindle , wbile agam can llos do not give heat 
enjuKb Tbe lamp is much tbe most de<iirable Tbe Bubjoined 
figure from Berzebu? is perbip'. tl e best form of lamp It is 




made of japanned tin-plate, about four inebes ii 
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the form and arrangement represented iu Fig. 5. K is tiie lamp, 
fastened on the stand, S, by a screw, C, and is movable upwards 
or downwards, as represented in the flgnre. The posterior end of 
the lamp may be about one inch square, aud at its anterior end, E, 
about three-quarters of an inch square. The under side of this box 
may be round, as saen in the figare. The oil ia poured into the 
orifice, A, wbifh his a cip strewed over it C is a wick- 
holder fo: a flat lamp-'«i(.k a is a 'iocliet contiining the wick, 
which, wlien not in use, is secured from du't by the cap. The 
iigures B and a' give the forms of the cap aud socliet. The 
best combustible for this lamp is the refined npe-seed oil, or 
pure sweet oil "When this lamp is in use, there must be no 
loose threads or no chwcoal on the ^ick, or these will produce 
a smoky flame The wick, likewise, should not be palled up 
too high, ao the same bmoky flime would be produced. 

The SpmiT-LAMP. — This is a short, strong glass lamp, with 
a cap, B, Fig. 6, iitted to it by grinding, to prevent the eva- 




poration of the alcohol. The neck a cout^ns a.tabe C, made 
of silver, or of tin plate, and which contains the wick. Brass 
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would not answer so well for tiiis tube, as the spirits would 
oxidize it, and thus impart color to the flame. The wickholder 
mnst cover the edge of the neck, but not fit tight within the 
tube, otherwise, by its expansion, it will break the glass. It 
is not necessary that alcohol, very highly rectified, should bo 
burnt in this lamp, althongh if too much diluted with water, 
enough heat will not be given out. Alcohol of specific gravity 
0.84 to 0.86 is the best. 

This lamp is generally resorted to by blowpipe analysts, for 
the purpose of experiments in glass apparatus, as the oily com- 
bustibles will coat the glass with soot. Some substances, when 
exposed to the dark part of the flame, become reduced and, in 
statu nasandi, evaporated ; but by pacing through the exter- 
nal part of the flame, they become oxidized again, and impart 
a color to the flame. Tlie spirit flame is the most efficient one 
for the examination of substances the nature of which we wish 
to ascertain through color imparted to the flame, as that of 
the spirit-lamp being colorless, is, consequently, most easily 
and thoroughly recognized by the slightest tinge imparted to it. 

It is necessary that in operating with such minute quanti- 
ties of substances as arc used in blowpipe analysis, that they 
should have some appropriate support. In order that no false 
results may ensue, it is necessary that the supports should be of 
such a nature that they wifl not form a chemical combination 
with the substance while it is exposed to fusion or ignition. 
Appropriate supports for the different blowpipe experiments are 
charcoal, platinum instruments, and glass tubes. 

(ffl.) Charcoal. — The value of charcoal as a support may be 
stated as follows : 

1. The charcoal is infusible, and being a poor conductor of 
heat, a substance can be exposed to a higher degree of heat 
upon it than upon any other substance. 

3. It is very porous, and therefore allows easily fusible sub- 
stances {such as alkalies and flaxes) to pass into it, while other 
substances less fusible, such as metals, to remain unabsorbed, 

3. It has hkewise a great reducing power. 
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The best kind of charcoal is tlia,t of pmewood haden ■wiUow 
III alderwood or any other soit wool Ooal fiom the firwood 
sparkles too freely while that of the hard woodo contains too 
Tiiu li iron in its ishes braooth pieces fiee from bafk and 
kuotb should be selected It shoal 1 be thoroughly burnt and 
the annual nnTi or growths should be as close together a^ 
possible 

If the charcoal is la lOisaea it should be sawed into piece 
about SIX inches in leagth by about two inches bioai but so 
that the year growths ran perpen lieular to the broa le^t side 
as the other sides by their unequal structuie burn unevenly 

That fin, substance ujder Lxain nation mi* not be coined 
off by the blast small conical co icavitiea "hould be cut m the 
broad side of the charcoal between the yeai growths with a 
conical tube of tin plate about two or three uches long and 
oni quarter of an inch at oie eud and bilf an inch it tbe 
other These edges arc mide sharp with a file The widest 
end of this charcoal borer is used for the puq ose of making 
cavities for cipellation 

Itt places where the proper kind of chaicoal is difficult to 
procure it is cononucal to cut common charcoal into pieces 
about an ini-h broad and the third of ati inch thick In each 
of the'^e httit pieces snnll cavities 'should be cut with the small 
end of the borer When these pieces of charcoal are required 
ftr use they must be fastened to a nairow slip of tin plate 
one end of which is bent into the tirm of i hook under which 
the plate of charcoal i pushed 

In generil we wie the charcoal support where we wish to 
reduce metallic oxides to prevent oxidation or to test the 
fusibility of a substance Tliere is another point to which we 
would direct the student Those metals which are lolatile in 
the reduction flame ipi ear as o~% des in the oxidation flame 
These oxides mike sublimates upon the charcoal close in the 
Ticinity of tbe sub tance or wheie it rested and by their pecu 
bar color indicate pietty coirectly the species of minerals 6\ 
penmen ted npon 
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(6.) Flatmmii S-a^^ts. — The metal platinum is iofusiUe ia 
the blowpipe flame, and is snch a poor conductor of heat that 
a strip of it may be held close to that portion of it which is 
red hot without the least inconvenience to the fingers. It is 
necessary that the student should be cognizant of those sub- 
stances which would not be appropriate to experiment upon 
if pliuied on platinum. Metals should not be treated upon 
platinum apparatus, nor should the easily reducible oxides, 
sulphides, nor chlorides, as these substances will combine with 
the platinum, and thus render it unfit for further use ii) analysis. 

(e.) Platinwm Wire. — As the color of the flame caunot be 
well discerned when the subst.auce is supported upon charcoal, 
in consequence of the latter furnishing false colore, by its owu 
reflection, to the substances under examination, we use plati- 
num wire for that purpose, wheu we wish to examine those 
substances which give indications by the peculiar color which 
they impart to fluxes. The wire should be about as thick 
as No. 16 or 18 wire, or about 0.4 millimetre, and 
cut into pieces about from two and a half to three inches 
in length. The end of each piece is crooked. In order 
that these pieces should remain clear of dirt, and ready 
for use, they should be kept in a glass of water. To use 
them, we dip the wetted hooked end into the powdered flux 
(boray or microcosmic salt) some of which will adhere, wheu 
we fuse it in the flame of the blowpipe to a bead. This bead 
hangmg in the hook, must be clear and colorless. Should 
there not adhere a sufficient quantity of the flux in the first 
trial to form a bead sufficiently large, the hook must be dipped 
a second time in the flux and agaih submitted to the blowpipe 
flame. To fix the substance to be examined to the bead, it is 
necessary, while the latter is hot, to dip it iu the powdered 
substance. If the hook is cold, we moisten the powder a little, 
and then dip the hook mto it, and then expose it to the oxida- 
tion flame, by keeping it exposed to a regular blast until the 
substance and the flux are fused together, and no further alter- 
ation is produced by the flame. 
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The platinum wire can h d pt h d t t 

the metallic state is required E y 1 t li It 

experiment, if the results ar t 1 k 1 y h 1 f th 

fluxes, Bhonld be efected np pi ti At th t 

tion of the experiment or i t g t ft! t 1 

the wire, place it in water, ■* li h 11 li I th b d 

{d.) riatmum Foil.— For th h t f f It 

whereby its rcduetion would b id u. pi tm m f 1 

as a support. This foil sh Id b f th thi k f g d 

writing paper, and from tw d h If t th h 1 g 

by about half an inch broad d d m th [ 

ble. If it should become inj d by 1 g h j d 

end off, and if it should pro t h t t b h Id w th th 
filers, a pair of forceps may 1 dtg pt tmyb 

placed on a piece of charcoal 

(e.) I'latinum Spoon. — Wh w qur t f b t 

with the acid sulphate of j t h t d th m by 

detonation with nitrate of pot h b by h t j 

the oxide produced, we gei Uj u& 1 ttl p f pi t 

num, about from nine to fift mill m t 1 m t d 

shaped as represented in Fig 1 Th h dl f th p 




likewise of platinum, and should fit into a piece of cork, or be 
held with the forceps. 

(/.) Platmitm Forceps or To'ogs. — We frequently are neces- 
sitated to examine small splinters of metals or minerals 
directly in the blowpipe flame. These pieces of metallic sub- 
itances are held with the forceps or tongs represented as in 
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Fig. 8, wher^ a cis formed of steel, and a a are platinum 



I between the steel plates. At i S are knobs 
wliich by pressure so separate the platiunm bars a a, that any 
small substance can be inserted between them. 

[g.) Iron Spoons. — For a preliminary examination iro a spoons 
are dearable. They may be made of sheet iron, about 
one-third of an inch in diameter, and are very useful in many 
examinations where the use of platinum would not be 
desirable. 

(A.) Glass Tabes. — For the separation and lecognition of 
volatile substances before the blowpipe flame we use glass 
tubes. These should be about one eighth of an inch in diamo 
ter, and cut into pieces about five or sis inches in length 
These tubes shoald have both ends open 

Tubes are of great value in thp examinition of volatile sub 
stances which require oxidizing or roasting and heating with 
free access of air. Also to ascertain whether a sabstauLe 
under examination will sublimate volitile matter of a certiin 
appearance. Such substances are selenium, sulphur, arsenic 
antimony, aad tellurium. These substances condense on a cool 
part of the tube, and they present characteristic appearances or 
they may be recognized by their peculiar smeU. These tubes 
must be made of the best kind of glass, white and difficult of 
fusion, and entirely free from lead. The substance to be 
examined must be put in the tube near one end, and exposed 
to the flame of the blowpipe. The end containing the sub- 
stance must be held lower than the other end, and must be 
moved a little over the spirit-lamp before a draught of air is 
produced through the tube. It is a good plan to have a number 
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of these tubes on hand. After having used a tabe we cat off 
that end of it which contained the substance, with a file, and 
clean it from the sublimate, either by heating it over the 
spirit-lamp, or with a piece of paper wound aroand a wire. It 
sometimes happens that the substance &ll3 out of the tube 
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before it becomes snfBcieatly melted to adhere to the glass. 
To obviate this, we bend the tube not far from the end, at an 
obtuse angle, and place the substance in the angle, whereby 
the tube may be lowered as much as necessary. Fig. 9 will 
give the stndent a eomprehension of the processes described, 
and of the manner of bending the tabes. 

(i.) Glass Tubes dosed at ove End.— It we wish to expose 
volatile substances to heat, with the exclusion of air as much 
as possible, or to ascertain the contents of water, or other 
Tolatile fluids, or for the purpose of heating substances which 
will decrepitate, we use glass tubes closed at one end. These 
tubes must be about one-eighth of an inch wide, and from 
two to three inches in length. They should be made of whitfl 
glass, difficult of fusion, and free from lead. They should be 
closed at one end, a& figured in the margin, Fig. 10. 




When a substance is to be examined for the purpose of 
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ascertammg wliethti it tontams combustible matter, as sulphur 
oi arseaic, and tihcre we wish to avoid oxidation, we use these 
tuhes without extending the closed end, in order that there 
miy be as httle air admitted as possible, as is represented in 
tube B Bat when a substance to be examined is to be tested 
tor water, or other incombu'itible volatile matters, we employ 
tubes with little bullis, blowa at one end, snch as represented at 
tube A. Here there is room for a circulation of air at the bot- 
tom of the tube, bj which the volatile matter rises more easily. 
In some cases, it is necessary to draw the closed eud oat to a 
fine point, as in the tubes and D. Either one or the other of 
these tubes is employed, depending upon the nature of the sub- 
stance used. The sublimates condense at the upper part of the 
tnbe a, and can be there examined and recognized. These tubes, 
before being used, must be thoroughly dried and cleaned. In 
experimenting with them, they should not he exposed at once 
to the hottest part of the flame, but should be submitted to the 
heat gradually. H the substance is of such a nature that it 
will sublime at a low heat, the tube should be held more hori- 
zontal, while a higher heat is attained by bringing the tube to 
a more vertical position. 



NECESSARY, 

Ednieoratm or Washing BMIp — Take a glass bottle of the 
capacity of about twelve ounce and close the mouth of it very 
tight with a cork throuj^h which a short glass tube i& fitted 
airtight The external end of this tube is drawn out to a 
point with a veiy fine oiiface The bottle should be filled 
about half full of water By blowing an into the bottle 
through the tube and then turning it downward'. th(, com 
pre sed air will exp^l a fine stream of water through the fine 
orifice with considerable force We use this washing bottle 
Fig. 11, for the purpose of nnsing the small particles of coal 
from the reduced metals. 
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Agate Mortar and Festle, — This mortar is used for the purpose 
of pulverizing hard substances, and for mixing fluxes. As this 
mortar will not yield to abrasion, there is no danger of any 
foreign matter becoming mixed with the substance pulverized 
in it. It should be cleaned after use with pnmice stone. Steel 
mortars are very useful for the pulverization of hard bodies ; 
but for all those substances which require great care in their 
analysis, and which can be obtained in very minute quantity, 
the agate mortar alone shonid be used. 

A hammer made of steel is necessary. This should have the 
edge square. 

A small amdl, polished on the surface, is also required. It is 
frequently used to test the maUeability of metals. 

A knife, for the purpose of ascertaining the hardness of mine- 
rals. 

The student should also be provided with several three-edged 
files, and likewise with some flat ones. 

A micToseope, an instrument with two lenses, or with such a 
combination of lenses, that they may be used double or single, 
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is frequently necessary for the examinatioa of blowpipe experi- 
ments, or the reaction of the fluxes. Common lenses, howso- 
ever cheap they may be, are certainly not recommended. A 
microscope with achromatic lenses can now be purchased so 
cheap that there is no longer any necessity of procuring one 
with the common lens. Besides, there is no reliability whatever 
to be placed in the revelations of the common lens ; while on 
the contrary, the deceptive appearances which minnte objects 
assume beneath such lenses are more injurious than otherwise. 
A small cheap set of magnifying glasses are all that is required 
for the purpose of blowpipe analysis, Fig. 12. 




A small magitei should be kept on hand for the porpose of 
testing reduced metal'! 

Nippers for the purpose of breakmg cff pieces of minerala 
for analysis, without injuring the entire piece, are indispensable. 
Fig 13. 




A pair of scissors is required to trim the wick of the lampi 
and for the trimming of the edge of platinnm foil. 
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A email spatula should be kept for the purpose of mixing 
substances with flaxes. 
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preparation and use. It is indispensably necessary that they 
should be chemically pure, as every admixture of a foreign sub- 
stance would only produce a false result. Some of them bare 
a strong affinity for water, or are deliquescent, and consequently 
absorb it greedily from the air. Tliese must be kept in glass 
bottles, with glass stoppers, fitted air-tight by grinding. 

A. REiQENTa OP GENERAL BSE. 

1. Carhonate of Soda. — (NaO, CO') Wash the bicarbonate 
of soda (NaO, 200') upon a filter, with cold water, until the 
filtrate ceases to give, after neutralization with dilated nitric 
acid (NO'), a precipitate with nitrate of baryta, (BaO, NO'), 
or nitrate of silver, (AgO, N0°). That left upon the filter 
we make red hot in a platinum, silver, or porcelain dish. One 
atom of carbonic acid is expelled, and the residue is carbonate 
of soda. \ 

A solution of soda must not be changed by the addition of 
sulphide of ammonium. And when neutralized with hydro- 
chloric acid, and evaporated to dryness, and again -dissolved 
in water, there must be no residue left. 
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Carbonate of sorta is an excellent agent iii reduction, in 
1 oiibcquence of its easy fusibility, whereby it causes the close 
contact uf tlie oxides with the charcoal support, so that the 
blowpipe flame can reach every part of the substance under 
examination. 

For the decomposition and detevminatioa of insoluble su1> 
stances, particularly the silicates, carbonate of soda is ioilis- 
pcnsable. But for the latter purpose, we use with advantage 
a mixture of ten parts of soda and thirteea parts of dry car- 
bonate of potash, which mixture fuses more easily than the 
carbonate of soda ^lono, 

2. Hydrate of Baryta (BaO, HO).— This salt is used some- 
times for the detection of alkalies in silicates. Mis one part 
of tbe substance with about four parts of the hydrate of baryta, 
and expose it to the blowpipe flame. The hydrate of baryta 
combines with the dlicic acid, and forms the snper-basic silicate 
of baryta, while the oxides become free. The fused mass must 
be dissolved in hydrochloric acid, which converts the oxides 
into chlorides. Evaporate to dryness, and dissolve the residue 
in water. The silicic acid remains insoluble. 

The hydrate of baryta is prepared by mixing six parts of 
finely powdered heavy-spar (BaO, SOj) with one part of char- 
coal and one and a h^f parts of wheat flour, and exposing 
this mixture in a Hessian crucible with a cover to a strong and 
continuous red heat. The cooled ehocolate-brown mass must 
be boiled with twenty parts of water, and, while boiling, there 
must be added the oxide of copper in sufficient quantity, or 
until the liquid will not impart a black color to a solution of 
acetate of lead (PbO A) The liqmd must he filtered while 
hot, and as it enola the hydrate of baiyta appears in crystals." 
These cryittK must be washed with a little cold water, and 
then heated at a low temperature m a porcelain dish until the 
crystal water \i expelled The hydiate of baryta melts by a 
low red heit without losing its watei oi hydration. 

3. Bmilphate of Polasia (kO 2'50').— At a red heat the 
half of the sulpliunc acid of this salt becomes free, and thus 
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separates and expels volatile substances, b\ which we can 
recognize lithium, boracic acid, nitnc acid, fluoric acid, biomine, 
lodme, chlorine , or it decomposes and reveals '!Ome othti 
compounds, as, foi instance, the salts of the titanic, tantali'' 
and tnngstic acids The bisnlphate of potash is also used for 
the purpose of converting a substance into sulphate, or to fire 
It it once fiom certain constitnonts These sulphates are di-> 
solved m water, bj which we are enabled to effect the scpi 
ration of its vwions constituents 

Pbepabatiov — Two parts of coaraelj powdered sulph ite of 
potash are placed in a porcelain crucible, and one part of pure 
sulphuric acid is poured over it. Expose this to heat over the 
spirit-lamp, until the whole becomes a clear liquid. The cooled 
m^3 must be of a pure white color, and may be got out of the 
crucible bj inverting it. It must be kept in a fine powder. 

i. Oxalate of Polassa (K.0, 0). — Dissolve bioxalate of pot- 
ash in water, and neutralize with carbonate of potash. Evapo- 
rate the solution at a low heat to dryness, stirring constantly 
towards the close of the operation. The dry residue is to be 
kept in the form of a powder. 

The oxalate of potash, at a low red heat, eliminates a consid- 
erable quantity of carbonic oxide, which, having a strong 
affinity for oxygen, with which it forms carbonic acid, it is 
therefore a powerful agent of redaction. It is in many cases 
preferable to carbonate of soda. 

5. Cyanide of Fotassi^m (Cy, K). — In the dry method of 
analysis, this salt is one of the most ef&cient agents for the 
reduction of metallic oxides. It separates not only the raetals 
from their oxygeu compounds, but likewise from their sniphur 
compounds, while it is converted throngh the action of the 
oxygen into carbonate of potash, or, in the latter case, combines 
with the sulphur and forms the sulphuretcd cyanide of potassium. 
This separation is facilitated by its easy fusibility. But in 
many cases it melts too freely, and therefore it is better to mix 
it, for blowpipe analysis, with an equal quantity of soda. This 
mixture has great powers of reduction, and it is easily ab- 
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Borbed by the charcoal, while the glohules of reduced metal 
are visible in the greatest purity. 

Pre PABATio v.— Deprive the ferroeyaniile of potassium (2KCy 
+FeGj) of its water by heating it over the spirit-larop 
in a porcelain dish. Mix eight parts of this anhydrous salt 
with three parts of dry carbonate of potash, and fuse the 
mixture by a low red heat in a Hessian, or still better, in an 
iron crucible with a cover, until the mass flows quiet and clear, 
and a sample taken up with an iron spatula appears perfectly 
white. Pour tlie clear mass out into a, ehiua or porcelain dish 
or an iroa plate, but with caution tlmt the fine iron par- 
ticles which have settled to the bottom, do not mix with it. 
The white fased mass must be powdered, and kept from 
the an-. The cyanide of potassium thus prepared, coutama 
some of the cyanate of potassa, but the admixture does not 
detenorate it for blowpipe use. It must be perfectly white, 
free from iron, charcoal, and sulphide of potassium. The solu- 
tion of it in water must give a white precipitate with a solution 
of lead, and when neutralized with hydrochloric acid, and 
evaporated tu dryness, it must not give an insoluble residue by 
dissolving it again in water. 

6. Nitrate of Potassa, Sait;petre (EO, NO').— Saturate boil- 
ing water with commercial saltpetre, filter while hot in a 
beaker glass, which is to be placed in coJd water, and stir 
while the solution is cooling. The greater part of the salt- 
petre will crystallize in very fine crystals. Place these crystals 
upon a filter, and wash them with a little cold water, until a 
solution of nitrate of silver ceases to exhibit any reaction upon 
the fiitrate. These crystals must be dried and powdered. 

Saltpetre, when heated with substances easy of oxidation, 
yields its oxygen quite readily, and is, therefore, a powerful 
means of oxidatiou In blowpipe analysis, we use it particu- 
larly to convert sulphides (as those of arsenic, autimony, &c.) 
into oxides and acids. We furthermore use saltpetre for the 
purpose of produciug a complete oxidation of small quantitiea 
of metallic oxides, which oxidize with difficulty iu the oxidation 
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flame, so that the color of the bead, iu its highest state of oxi- 
dation, eball be Tislble, as for instance, manganese dissolved in 
the microcosmic salt. 

1. Biborate of soda, 6oriM—(NaO + 3BO').— Commercial 
borax is seldom pure enough for a reagent. A solution of 
borax must not give a precipitate with carbonate of potassa ; 
or after the addition of dilate nitric acid it must remain clear 
upon the iddition of nitrate of silver or nitiate of baivta Or 
a small piece of the dry salt fused npjn a pjatmuni wire most 
give a clear lud nncolored glaf:S at. well m the o\idation flame 
as la the reduction flame It these tests indicate a foreign 
admixture the boras mu'^t be pur fi(,d by re-cry stallization 
These crystals are washed upon a filter diied and heated to 
e\pel the crystal water or until the mass ceases to swell up, 
and it IS reduced to po'nder 

Boiacic acid is incombustible and has a strong affinity for 
oxide'i when fused with them , therefore it not only directly 
combmes with oxides but it expels by fusion all other volatile 
aeidJi from theu salts Furthermore, borai, l acid promotes the 
oxidation of metals and sulphur, and induces haloid compounds, 
in the oxidation flame, to combine with the rising oxides. 
Borates thus made, melt generally by themselves ; but admixed 
with borate of soda, they fuse much more readily, give a clear 
tiead. Borax acts either as a flux, or through the formation 
of double salts. 

In borax, we have the action of free boracic acid, as well as 
borate of soda, and for that reason it is an excellent reagent for 
blowpipe analysis. 

All experiments in which boras is employed should be efiected 
upon platinum wire. The book of the wire should be heated 
red hot, and then dipped iuto the powdered boras. This should 
be exposed to the oxidation flame, when it will be fused to a 
bead, which adheres to the hook. This should be then dipped 
into the powdered substance, which will adhere to it if it is 
hot ; but if the bead is cool, it must be previously moistened. 
Expose this bead to the oxidation flame until it ceases to 
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change, then allow it to cool, when it shontd be exposed to the 
reduction flame. Look for the following in the oxidation flame : 
(1.) Whether the iieated substance is fused to a clear bead or 
not, and whether the bead remsuns transparent after cooling. 
The beads of some substances, for instance those of the alkaline 
earths, are clear while hot ; but upon cooling, are milk-white 
and enamelled. Some substances give a clear bead when heated 
and whea cold,'but appear enamelled when heated intermittingly 
or with a flame which changes often from oxidation to reduction, 
or with an unsteady flame produced by too strong a blast. The 



a. incomplete fasi 
ponnd a part of the 
capable of dissolving 



while from the basic borate com- 
separated. As the boracic acid is 
n the heat, a bead will be clear while 
hot, enamelled when cold, as a part in the latter instance will 
become separated. 

(2.) "Whether the substance dissolves easiiy or not, and 
whether it intumeseea from arising gases. 

(3.) Whether the bead, when exposed to the oxidation flame, 
exhibits any color,, and whether the color remains after the 
bead shall have cooled, or whether the color fades. 

(4.) Whether the bead exhibits any other reaction in the 
reduction flame. 

The bead should not be overcharged with the substance under 
examination, or it will become colored so deeply as not to 
present any transparency, or the color light enough to discern 
its hue. 

8. Microcosmk Sail — Phosphate of Soda and Ammonia— 
{NaO, NH'O + PO"). — ^Dissolve six parts of phosphate of 
soda (2NaO, HO, PO'), and one part of pure chloride of 
Ammonium (NH'Cl.), in two parts of boiling water, and allow 
it to cool. The greatest part of the formed double salt crys- 
tallizes, while the mother-liquid contains chloride of sodium, 
and some of the double salt. The crystals must be dissolved in 
as little boiling water as possible, and re-crystaUized. These 
crystals must be dried and powdered. 

When this donble salt is heated, the water and the a 
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escape, while the incombustible residue has a composition simi- 
lar to borax, viz., a free acid and an easily fusible salt. The 
effect of it is, therefore, similar to the borax. The free phos- 
phoric acid expels, likewise, most other acids from their combi- 
nations, and combines with metallic oxides. 

For supports, the platinum wire maj be used, but the hook 
must be smaller than when borax is used, or the bead will not 
adhere. As for all the other experiments with this salt, the 
microseosmic salt is used the same as bora^. 

9. Nitrate of Cobalt— {GoO, NO-).— This salt can be pre- 
pared by dissolving pure oxide of cobalt in diluted nitric acid, 
and evaporating to dryness with a low heat. The dry residue 
should be dissolved in ten parts of water, and filtered. The 
filtrate is now ready for ase, and should be kept in a bottle 
with a glass stopper. If the pure oxide of cobalt cannot be 
procured, then it may bo prepared by mixing two parts of finely 
powdered glance of cobalt with four parts of saltpetre, and one 
part of dry carbonate of potassa with one part of water free 
from carbonate of soda. This mixture should be added in suc- 
cessive portious into a red-hot Hessian crucible, and the heat 
continued until the mass is fused, or at least greatly diminished 
in volume. The cooled mass must be triturated with hot water, 
and then heated with hjdrochloric acid until it is di&solved and 
forms a dark gieen solution which generilly presents a gelati 
nou-i appearance occasioned by separated silica The solution 
is to be evaporated to diyne&s the dry residue moiitened ^ith 
hydrochloric acid boiled with water filtered and neutralized 
whde hot with carbonate of ammonia until it ceases to give 
an acid letction with test paper This must now be filtered 
again and carbonate of potassa added to the filtrate as long as 
a precipitate is prodnf ed This prei-ipitatf is brought upon a filter 
and washed thoroughly, and then dissolved in diluted nitric acid. 
This ia evaporated to dryness, and one part of it is dissolved in 
ten parts of water for use. 

The oxide of cobalt combines, with ^rong heat in the 
oxidation flame, with various earths and infusible metallic 
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oxides, and thns produces peculiarly colored compounds, and 
is therefore used for tlioir detection ; (alumina, magnesia, oxide 
of zinc, oxide of tin, etc.) Some of the powdered substance 
is heated upon charcoal in the flame of oxidation, and moist- 
ened with a drop of the solution of the nitrate of cobalt, when 
the oxidation flame is thrown upon it. Alamina gives a pure 
lilue color, the oxide of zinc a bright green, magnesia a light 
red, and the oxide of tin a bluish-green color ; but the latter 
is only distinctly visible after cooling. 

The dropping bottle, is the most useful apparatus for 
the parpose of getting small quantities of fluid. It is com- 
posed of a glass tube, drawn out to a point, with a small 
orifice. This tube passes through the cork of the bottle. 
By pressing in the cofk into the neck of the bottle, the air 
within will be compressed, and the liquid will rise in the tube. 
If now we draw the cork out, with the tube filled with the 
fluid, and pressing the finger upon the upper orifice, the fluid 
can be forced out in the smallest quantity, even to a fraction 
of a drop. 

10. Tin, — This metal is used in the form of foil, cut into 
strips about half an inch wide. Tin is very susceptible of 
oxidation, and therefore deprives oxidized substances of their 
oxygen very quickly, when heated in contact with them. It 
is employed in blowpipe analysis, for the purpose of producing 
in glass beads a lower degree of oxidation, particularly if the 
substance under examination contains only a small portion of 
such oxide. These oxides give a characteristic color to the 
bead, and thus are detected. The bead is heated upon char- 
coal in the reduction fiame, with a small portion of the tin, 
whereby some of the tin Ls melted and mixes with the bead. 
The bead should be reduced quickly in the reduction flame, for 
by continuing the blast too great' a while, the oxide of tin 
separates the other oxides in the reduced or metallic state, 
while we only require that they shall only be converted into 
a sub-oxide, in order that its peculiar color may be recognized 
in the bead. The addition of too much tin causes the bead 
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to present an uncloan appearance, and prevents the required 
reaction. 

11. SiUM (SiO"). — This add does not even expel carbonic 
acid in the wet way, but ia a glowing heat it expels the 
strongest Toktile a«ida. In blowpipe analysis, we use it fused 
with carbonate of soda to a bead, as a test for sulphuric acid, 
and in some cases for phosphoric acid. Also with carbonate 
of soda aad borax, for the purpose of separating tin from 
copper. 

Finely powdered quartz will answer these purposes. If it 
cannot be procured, take well washed white sand and mix it 
with two parts of carbonate of soda and two parts of car- 
bonate of potassa. Melt the materials together, pound up the 
cooled mass, dissolve in hot water, filter, add to the filtrate 
hydrochloric acid, and evaporate to dryness. Moisten the 
dry residue with hydrochloric acid, and boil in water. The 
silica remains ii^oiuble. It should be washed well, dried, and 
heated, and then reduced to powder. 

12. Test-papebs. — {a.) Blue lAtmm Paper. — Dissolve one 
part of litmus in six or eight parts of water, and filter. Divide 
the filtrate into two parts. In one of the parts neutralize the 
free alkali by stirring it with a glass rod dipped in diluted 
sulphnric acid, until the flnid appears slightly red. Then mix 
the two parts together, and draw slips of nnsized paper, free 
from alkali, such as fine filtering paper. Hang these strips on 
a line to dry, in the shade and free from floating dust. If the 
litmus solution ia too light, it will not give snfBcient character- 
istic indications, and if too dark it is not sensitive enough. 
The blue color of the paper should be changed to red, when 
brought iu contact with a solution containing the minutest trace 
of free acid ; but it should be recolieeted that the neutral salts 
of the heavy metals produce the same change. 

(b.) Rtd LUimts Paper.— The preparation of the red litmus 
paper is similar to the above, the acid being added until a red 
color is obtained. Reddened litmus paper is a very sensitive 
reagent for free alkalies, the carbonates of the alkalies, alkaline 
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earths, salphides of the alkalies and of the alkaline earths, and 
alkaline salts with weak acids, such as boraclc acid. These 
substances restore the original blue color of the litmus. 

(e.) Logwood BaftT. — Take brui d 1 gw d b il 't 'n 
water, filter, and proceed as above. L gw d p f a ry 

delicate test for free alkalies, which mj t a I t t t t t. 
It is sornetimes used to detect hjdrofl. a 1 wh h han s 

its color to yellow. 

All the test-papers are to be cut nto na w t j ad 
preserved in closely stopped yials. Ih sp 1 n^l jm t 
of the test-papers we shall allude to in an th \ la 

B. ESPECIAL EEAGENTS. 

13. Fnsed Boradc Acid (BO'). — The commercial article is 
bufGciently pure for blowpipe analysis. It is employed in some 
cases to detect phosphoric acid, and also mitiute traces of 
copper in lead compounds. 

14. Fluorspar (CaFl'). — This substance should be pounded 
fine and strongly heated. Fluorspar is often mixed with 
boracic acid, which renders it unfit for analytical purposes. 
Such an admixture can be detected if it be mixed with bi- 
sulphate of potassa, and exposed upon platinum wire to the 
interior or blue flame. It is soon fused, the boracic acid is 
reduced and evaporated, and by passing through the external 
flame it is reoxidized, and colors the flame green. We use 
fluorspar mixed with bisniphate of potassa as a test for Jitbia 
and boracic acid in complicated compounds. 

15. Oxalate of Htckd (NiO, 0). — It is prepared by dis- 
solving the pure oxide of nickel in diluted hydrochloric acid. 
Evaporate to dryness, dissolve in water, and precipitate with 
oxalate of ammonia. The precipitate must be washed with 
caution upon a filter, and then dried. It is employed in blow- 
pipe analysis to detect salts of pota^a in the presence of 
sodium and lithium. 

16. Oxidi of Copper (CuO).— Pure metallic copper is dis- 
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solved in nitric acid. The solntion is evaporated in a porcelain 
dish to dryuess, and gradually heated oyer a spirit-lamp, until 
the blue color of the salt has disappeared and the mass presents 
a uniform black color. The oxide of copper so prepared must 
be powdered, and preserved in a vial. It serves to detect, in 
complicated compounds, minute traces of chlorine. 

11. Antimoniaie of Fotassa (KO, SbO').— Mix four parts 
of the bruised metal of antimony, with nine parts of saltpetre. 
Throw this mixture, in small portions, into a red-hot Hessian 
crucible, and keep it at a glowing heat for awhile after all the 
mixture is added. Boil the cooled mass with water, and dry 
the residue. Tate two parts of this, and mix it with one part 
of dry carbonate of potassa, and expose this to a red heat for 
about half an hour. Then wash the mass in cold water, and 
boil the residue in water ; filter, evaporate the filtrate to dry- 
ness, and then, with a strong heat, render it free of water. 
Powder it while it is warm, and preserve it in closed vials. It 
is used for the detection of small quantities of charcoal in com- 
pound substances, as it shares its oxygen with the carbonaceous 
matter, the antimony becomes separated, and carbonate of 
potassa is produced, which restores red litmus paper to blue, 
and effervesces with acids. 

18. Silver Foil. — A small piece of silver foil is used for the 
purpose of detecting sulphur and the sulphides of the metals, 
which impart a dark stain to it. If no silver foil is at hand, 
strips of filtering paper, impregnated with acetate of lead, will 
answer in many cases. 

19. Miroprasside of Sodium (Fe'Oy', NO', 2Na),— This is a 
very delicate test for sulphur, and was discovered by Dr. Playfair. 
This test has lately been examined with considerable ability by 
Prof. J. W. Bailey, of West Point. If any sulphate or sulphide 
is heated by the blowpipe upon charcoal with the carbonate 
of soda, and the fused mass is placed oa a watch-glass, with a 
little water, and a small piece of the nitroprusside of sodium 
is added, there will be produced a splendid purple color. This 
color, or reaction, will be produced from any substance contain- 
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g aulj hnr snch as the par nga of the nails, hair, albumei], elo. 
-I regard to these latter substances the carbonate of soda, 
huuli be mxpd w th a 1 ttle starch which will prevent tlie 

I s of a y of the sul| h r by ox dat on Coil a piece of hair 
a d afl tnunwre mo aten t a 1 dip it into a mixture 

t arl nite of aoda to w! ha I ttle starcli has been added, 
a d tl en heat t w th the bio ^ ] [ e when the fused mass wiK 
f, e w th the n tropru le of sod an the characteristic purple 
a t on D 1 at ye of the pres ce of sulphur. With tlie 
1 oj er del cacj of n an j ulat on a p eee of hoir, half an inch in 
le th w U g ve d at act nd cat ons of ulphur. 

F epa at on —The n tropruss des of aodiam and potassium 
(ior either salt will give the above reactions) are prepared as 
f How One iton (4^^ j, a n ) of pulv r zed fer ocjan de ol 
I Ota un a m xed n th fi e atoms of commerc al n tr c ac d 

II ted tlr an equal quant t> ot Tvater e fifth of th s 

I t tj (one ato n) f tl e ac d i auffl ent to tran fer the 
f rro jan le uto u tropruss de but tl e use of » larger juan 

I I 3 fuund to g ye the best result Ihe ac d is poured all at 
c ui on the ferr cyan le the col 1 j. oduced I y the m x nj, 

I ng uffi ent to moderate the act on The m xture first 
d n es a m Iky appearance but after a I ttle wh le the s It 
1 aolvea form u^, a coftee olore 1 solut on and o ^^^ ^ ^ 
d engage! n abundance \\hen the salt s completely 1 
bulved tie ol ton fou d to contan ferrocjan de (red 
pus ate) of potass un mixed w th n tropruss de and mtrate 
oi the ame base It s the i mmed atelj decanted nto a 
krg flask ani heated over the waterbath It coat ues 
to evolve ga ani after a«hle n longer yeli a da k 

I I e prec p tate w th ferrous salts but a la k green or slate 
olored i e i tate It then removed from the fa e an 1 leit 

to c ystall ze vhereupon t y elds i Iwge qnant tj of crjat la 
of n tre and mo e or le oxam le The st o gly colored mothe 
1 jmd th n eutr li^el v> th carl onate of potash o ola 
according to the sa!t to be prepared, and the solution is boiled, 
whereupon it generally deposits a green or brown precipitate. 
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which miist be separated by filtration. Tlie liqnid then coa- 
taina nothiDg but nitroprasside and nitrate of potash or soda. 
The nitrates being the least soluble, are first crystallized, 
and the rcmaioing liquid, on farther evaporation, yields crys- 
tals of the nitroprnsside. The sodium salt crystallizes most 
easily. — ( Platf aik. ) 

As some substances, particularly In complicated compounds, 
B.re not detected with sufficient nicety in the dry way of ana- 
lysis, it will often be necessary to resort to the wet way. It is 
therefore necessary to have prepared the reagents required 
for such testing, as every person, before he can become an 
expert blowpipe analyst, must be acquainted with the charac- 
teristic tests as applied in the wet way. 
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INITUTOEY ANALYSIS. 



QiTALiTiTivE ANALYSIS rtfers to those examinations which 
relate simply to the presence or the ahsence of certain sub. 
stances, irrespective of tlicir quantities. But before wo take 
cognizance of special examinations, it would facilitate the 
progress of the student to pass through a course of Initiatory 
Exercises. These at once lead into the special analysis of 
all those substances susceptible of examination by the blowpipe. 
The Initiatory Analysis is best studied by adopting the following 
arrangement : 

Eiaminaciooa with the glass bulb. 
" with tho open tube. 

" upoQ charcoal. 

11 the plutiiium forceps, 
n the borax bead. 

in the carbonnte of soda bead. 
ConHrmatorj esami nations. 



The glass of which the balb is made sbou 
from lead, otherwise fictitious reaulta will e: 



; be entirely free 
ue. If the bulb 
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be of flint glass, tlien by heating it, there is a slightly iridescent 
film caused upoa the surface of the glass, which may easily be 
mistaken for arsenic. Besides, this kind of glass is easily fusible 
in the oxidating flame of the blowpipe, while, in the reducing 
flame, its ready decomposition would preclude its use eutirely. 
The tube should be composed of the potash or hard Bohemian 
glass, should be perfectly white, and very thin, or the heat will 
crack it. 

The tube should be perfectly clean, which can be easily 
attained by wrapping a clean cotton rag arouud a small slick, 
and inserting it in the tube. Before using the tnbe, see also 
that it is perfectly dry. 

The quautity of the substance put into the tube for exami- 
nation should be small. From one to three grains is qnito 
safGcient, as a general rule, but circumstances vary the quantity. 
The sides of the tube should not catch any of the substance as 
it IS bemg pla<,ed it the bottom of the tube or mto the bulb 
If any of the powder however shonll adlieie it should be 
ju bed down w th a roll tf clean paper or the (.lein cotton 
rig referred to above 

In submitting the tube to the flame it should he heated at 
first very genth the heat be n^ in(,rea=ed until the gla s begins 
to soften when the observations of what is ensuin^ within it 
maj t e made 

If the substance be of an oiganc natnii, a jecnhir empy 
reumatic odor mil be given off If the substance chars then 
it may be inferred that it 11 ol an rganiL nature The mattprs 
whiLh are given off and ciusc the empyreumitic odji are a. 
peculiar oil ammon a carbmic add acetic acid watei cvino 
gen and fiequentlj other compounds If a piece of paper i 
heited in th" 1 ulb a dark colored oil condenses upon the s des 
of the tube which has a strong empyreumatic odor A piece 
of litmus papei indicates that this oil is acid as it li quickly 
changed to red by contact with it A black residue 11 no v 
left in the tube and upon examination we will find that it 13 
charcoal If instead of the paper a piece of animal substance 
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placed m the bulb the reddnned litmus paper will he eoj 
lerted into its ongtnat blue coloi while charcoal will be left 
it the bottom ot the tube 

\. ehang ng of tl e suhbtauce however to a dark color 
hiuld not be accented a? an invariable indication of charcoii 
as 5ome morgaiuo bodies thus chinge color bnt the dark 
ubstance will cot be likely to be m staken for cl areoal By 
i^n tmg the suspected t.ubbtani.e with n tiate of pots, ><» it cin 
quickly be ascertained whether it is organic oi nit fir if the 
lattei the vivid deflagration w 11 ind cate it 

If the Bubstance contains water it will conden=e upon the 
ctld poitnn ot the tube and miy be there exam ned as to 
whether it i acid oi alltaline If the former tl e mittei under 
examinition is perhaps vpgetable if the latter it is of an 
animal nature The watei may be that fluid absorbed or it 
my form a portion of its constitution 

It the '-ubstance contain sulphur the sn! hmate upon the 
cold part of the tube may be recognized by its characteristic 
appearan<e especiiliy if the substance should be a sulphide of 
tin copper antimony or iron The hyposulphites and several 
other anlphikd aho give oS" sulphur when heated The 
volatile metals mercury and arsenic will however sublime 
without undergoing decomposition As the sulphide of arsenic 
maybe m staken frtm its color and appearancp lor sulphur 
It must be examined especially for the purpose oi determining 
that point 

Selenium will likewise sublime by heat as does sulphur Th s 
IS the case if selenides are present Selenium gives off the 
mell of decayed horse-rad sh 

"V\ hen the pei^alt are heated they are reduced to pr tosalts 
with the elimmat on of a part of their acid Thia will 1 o 
mdicated by the bine litmns paper 

If some of tht, neutral salts containing a volatde acid be 
present they will become decomposed For mst-ance the red 
nitrons acid w ater of the mtiates will indicate the decomposition 
of the salt especially il it I e the nitiate of a metalic oxide 
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If thcro it an oilor of salphur, then it is quite probable, if 
no free sulphur be present, that a hyposulphite is decomposed. 

If an oxalate be present, it is decumposed with the eTolution 
of carbonic oside, which may be inflamed at the mouth of the 
tube ; but there are oxalates that giTe off carbonic acid gas, 
which, of course, will not burn. A cyanide will become decom- 
posed and eliminate nitrogen gas, while the residue ia charred 
Some cj'anidesi are, however, not thus decomposed, aa the dry 
cyanides of ths earths and alkalies. 

There are several oxidps of metala which will sublime, and 
may be thus examined in the tube. Arsenitms add sublimes with 
great ease in minute octohedral crystals. The oxides of tellu- 
riura and antimony will sublime, the latter iu minute glittering 
needles. 

Thei'e are several metals which will sublime, and may be 
examined ia the cold portion of the tube. iWejcttrj condpnses 
upon the tube in minute globules. These often do not present 
the metalie appearance until they are disturbed with a glass 
rod, when they attract each other, and adhere as small 
globales Place in the tnbe about a graiu of red precipitate 
of the drug stores and apply heat, when the oside will become 
decoraposed, its oxygen wdl escape while the vaporized mer- 
cury will condense upon the cold portion of the tube, and may 
there be examined with a magnifying glass. 

Arsenic, when vaporized, may be known by its peculiar alli- 
aceous odor. Arsenic Is vaporized from ite metallic state, and 
likewise from its alloys. Several compounds which contain 
arsenic will .also sublime, such as the arsenical cobalt. Place 
in the bulb a small piece of arsenical cobalt or "fly-stone," 
and a}jply heat. The sulphide of arsenic will first rise, but 
soon the arsenic will adhere to the sides of the tube. 

The mptals tellurium and cadmium are susceptible of solution, 
but the heat required is a high one. This is best done upon 
charcoal. 

The ftrcMoridi of mercury sublimes undccomposed in the bulb, 
previously undergoing fusion. 
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The fT lochhi tde < f mercu y likewise 'u1>limes but it lioea not 
und igo fu ion fii t is is tlie case with the Lorrosive sublimate 

The amtmmacal salti, all are snsCLptible of sublimation which 
thev do without leavmg a resiilue There are however teveial 
which contain fixed acids which latter aie left in the bulb 
This IS particularly the case with the phosphates and borates 
A piece of red litmns paper will readily detect the escaping 
animoma while its odor will indicate its presence with gieat 
tertainty Ihc halogen compound of meicurj wt, should hive 
mentiontd also sublime the red iodide giving a yellow bubli 

The bulb is also a convenient little in&tnimeat for the pur 
pose of heating those substances which pho phoresce and like- 
wise those salts that decrepitate 

Shonld the above reactions not be readily discerned it should 
not be considered as an indication that the substances are not 
present, for they are frequently expelled in such combinations 
that the above reactions will not take place. This is often the 
case with sulphur, selenium, arsenic, and telluriam. It fre- 
quently happens, likewise, that these substances are in such 
combinations that heat alone will not sublime them ; or else two 
or more of them may arise together, and thus complicate the 
sublimate, so that the eye cannot readily detect either substance. 
Sometimes salphnr and arsenic will coat the tube with a metal- 
Hke appearance, which is deceptive. This coating presents a 
metallic lustre at its lower portion, but changing, as it pro- 
gresses upwai-d, to a dark brown, light brown, orange or yellow ; 
this sublimate being due to combinations of arsenic and sulphur, 
which compounds are volatilized at a lower temperature than 

If certain reagents are mixed with many substances, changes 
iirj effected which would not ensue with heat alone. FormioU 
of soda possesses the property of readily reducing metallic 
oxides. When this salt is heated, it gives off a quantity of 
carbonic oxide gas. This gas, when in the presence of a metal- 
lic oxide, easily reduces the metal, by withdrawing its oxygen 



..Google 



52 The Blowpipe. 

from it and bemg changed into carbonic oxide. If a little fly- 
stone 13 mixed with some formiate of soda, and heated in the 
bulb the aisenic is rednced volatilized, and cciadeases in the 
cool portioa of the tube By this method, the smallest portion 
of a gram ot the arsenical componad raaj be thus examined 
with the gieitest readiness If the residue is now washed, hj 
which the soda is got nd of the metallic arsenic may be obtained 
in small spangles. If the compound examined be the sulphide 
of antimony, the one-thousandth part can be readily detected, and 
hence this method is admirably adapted to the examination of 
medicinal antimonial compounds. The arsenitea of silver and cop- 
per are reduced by theformiate of soda to their metals, mixed with 
metallic arsenic. The mercurial salts are all rednccd with the 
metal plainly visible as a bright silvery ring on the cool por- 
tion of the tube. The chloride and nitrate of silver are com- 
pletely reduced, and may be obtained after working out the 
soda, as bright metallic spangles. The salts of antimony and 
zinc are thus reduced ; also the sulphate of cadmium. The 
sublimate of the latter, although in appearance not unlike that 
of arsenic, can easily be distiagnshed by its brighter color. It 
is, in fact, the rich yellow of this sublimate which has led artists 
to adopt it as one of their most valued p 



2, ESAIIINATIONS IN THE OPES TUBE. 

The substance to be operated upon should be placed in the 
tnbe, about half an inch from the end, and the flame applied at 
first very cautiously, increasing gradually to the required tempe- 
rature. The tube, in all these roasting operations, as they are 
termed, should be held in an inclined position. The nearer 
perpendicular the tube is held, the stronger is the draught of 
air that passes through it. If but little heat is required in the 
open tube operation, the spirit-lamp is the best method of 
applying the heat. But if a greater temperature is required, 
then recourse must be had to the blowpipe. Upon the angle 
of inclination of the tube depends the amount of air that passe?! 
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through it, and therefore, tlie rapidity of the dranght may be 
easily regulated at the will of the operator. The inclination of 
the tube may, as a general rule, be about the angle represented 

in Pis U. 
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tion of the tnbe. This is particularly tlie case with those sul- 
phides, which yield sublimates of solphur when heated in the 
bulb. 

Sdemtim undergoes but slight oxidation, but it becomes 
readily volatilized, and may be observed on the cool portion 
of the tube. At the same time the nose, if applied close to the 
end of the tube, will detect the characteristic odor of rotten 
horse-radish. Arsenic also gives its peculiar alliaceous odor, 
which is so characteristic that it can be easily detected. A 
few of the arsenides produce this odor. The sublimates should 
be carefully observed, as they indicate often with great cei" 
tainty the presence of certain substances ; for instance, that 
of arsenic. The sublunate, in this case, presents itself as the 
arsenious acid, or the metallic arsenic itself. If it be the former, 
it may be discerned by aid of the magnifying gla^s as beauti- 
ful glittering octobedral crystals. If the latter, the metallic 
lustre will reveal it. 

But it will be observed that while some of the arsenides are 
sublimed at a comparatively low temperature others require 
a very high on 
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isli glohules, wlicn it is melted, as dii-ected ahove, for tellu- 
rium. The color of the bismath and lead oxides are soraewiiat 
similar, although that of the latter is paler. 

If any mineral containing fiuonne ia fused, first with the 
microcosmic salt bead, thca \ixA into the tube, and the flame 
of the blowpipe be directed into the tube upon the bead, hydro- 
fluoric acid is disengaged and attacks the inside of the tube. 
The fluoride of calcmm, or fluorspar, may be used for this 
cxpermient. 

During the roasting, a brisk current of air should be allowed 
to pass through the tube, whereby unoxidized matter may be 
prevented from volatilization, and the dogging up of the sub- 
stance under examination be prevented. 



In making examinations upon chaicoil it la quite nete'^suy 
that the student should n nke himself fara Iiai with the diff it. C 
and characteristic appeal ances of tlie dep its upon the chii 
coal. In this case I have found the adv ce given by Dr blierei 
to be the best ; that is to begin with the examination of thi, 
pare maf.erials first, until the eye becomes famihirized with the 
appearances of their incrustations upon charcoal 

The greater part of the metalt. fuse when =ubi uttf,d to the 
heat of the blowpii e and if exposed to tl e outer flame tiicy 
oxidize. The&e metals teimed the lobiemetil di njt oxidizp 
but they fuse. The metals plat nun indium rholum osmium 
and palladium do not fuse The met il osmium if expo ed to 
the flame of oxidation fusea andi finally d ssipated a& (amic 
acid In the latter flame the salts of the noble metala iie 
reduced to the metallic state aul the charcoal is cover d «ith 
the bright metal. 

We shall give a brief de cr pt on of the aj \ ediance of the 
principal elementary be dies Q[Oa be ng fused with char oal 
This plan is that deemed the msst condicive to tl e [ ro a 
of the student, by Ber^elius Pljtlti i and 'iherer Bxj e ncc 
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has taught as that this method is the most efficient that could 
have been devised as an initiatory exercise for the student, ore 
ho commences a more concise and methodical method of analy- 
sis. In these reactions upon charcoal, we shall follow nearly 
the language of Plattner and Sherer, 

Selenium is not difficult of fusion, and gires off brown fumes 
in either the oxidation or reduction flame. The deposit upon the 
charcoal is of a steel-grey color, with a slightly metallic Jastre. 
The deposit however that fuses outside of this steel-grey one is 
of a dull violet color, shading off to a light brown. Under the 
fiime of oiidation this deposit is ea&dy diiven from one portio i 
of the ehari-oal to another while the applicatmn of the re 
ducing flame Tolatihzes it with the e^oluton of a bo<iutitul 
blue Ight Ihe chaiacteriBtic odoi ot decayed loroe radish 
distmgaiahes the volatilization of this metal 

Tellurium — Ihia metal fuies w th the greatest readmess 
and is reduce 1 to vapor under both flames with fame and 
coats the charcoal with a depo it of tellurous ac d Th s 
deposit IS white near the centre and is of a dark yellow near 
the edges. It may be driven from place to place by the flame 
of oxidation, while that of reduction volatilizes it with a green 
flame. If there be a mixture of selenium present, then the 
color of the flame is bluish-green. 

Aesbnic. — This metal is volatilized without fusing, and 
covers the charcoal both in the oxidizing and reducing flames 
with a deposit of arsenious acid. This coating is white in the 
centre, and grey towards the edges, and is found some distance 
from the assay. By the most gentle application of the flame, 
it is immediately volatilized, and if touched for a moment with 
the reducing flame, it disappears, tinging the flame pale blue. 
Daring volatilization a strong garlic odor is distincly percepti- 
ble, very characteristic of arsenic, and by which its presence 
in any compound may be immediately recognized.' 

Amtimomy.— This metal fuses readily, and coats the charcoal 
under both flames with antimonious acid. This incrustation ia 
of a white color where thick, but of a bluish tint where it is 
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thiD, and is found nearer to the assay than that of arsenic. 
When greatly heated by the flame of oxidation, it is driven 
from place to place without coloring the flame, but when volar 
tilized by the flame of reduction, it tinges the flame blue. Aa 
antimonious acid is not bo voiatile as arsenious acid, they may 
thus be easUy distinguished from one another. 

Wheti metalhc antimony is fused upon charcoal, and the 
metaJlic bead raised to a red heat, if the blast be suspended, 
the fluid bead remains for some time at this temperature, giving 
off opaque white fumes, which are at first deposited on the 
surrounding charcoal, and then upon the bead itself, covering 
it with white, pearly crystals. The phenomenon is dependent 
upon the fact, that the heated button of antimony, in absorbing 
oxygen from the air, deveiopes sufficient heat to maintain the 
metal in a fluid state, until it becomes entirely covered with 
crystals of antimonious acid so formed. 

Bi3M0TH.^Tbis metal ftises with ease, and under both flamea 
covers the charcoal with a coating of oxide, which, while hot, 
ia of an orange-yellow color, and after cooling, of a lemon-yel- 
low color, passing, at the edges, into a bluish white. This 
white coating consists of the carbonate of bismuth. The subli- 
mate from bismuth is formed at a less distance from the assay 
than is the case with antimony. It may be driven from place 
to place by the application of either flame ; but iu so doing, 
the oxide is first reduced by the heated charcoal, and the 
metallic bismuth so formed is volatOized and reoxidized. The 
flame is uncolored. 

Lead.— This metal readily fuses under either flame, and 
incrusts the charcoal with oxide at about the same distance 
from the assay as is the case with bismuth. The oxide is, while 
'lot, of a dark lemon-yellow color, bnt upon cooling, becomes 
jf a sulphur yellow. The carbonate which ia formed upon the 
charcoal, beyond the oxide, is of a bluish-white color. If the 
yellow incrustation of the oxide be heated with the flame of 
oxidation, it disappears, undergoing changes similar to those of 
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bismuth above mentioned. Under the flame of redaction, it, 
however, disappears, tinging the flame blue. 

CiDraoH. — This metal fuses with ease, and, in the flame of 
oxidation, taliea fire, and burns witli a deep yellow color, giving 
off brown fumes, which coat the charcoal, to witMu a small 
distance of the assay, with oxide of cadmium. This coating 
exhibits its characteristic reddish-brown color most clearly when 
cold. Where the coating is very thin, it passes to an orange 
color. As oxide of cadmium is easily reduced, and the metal 
very volatile, the coating of oxide may be driven from place to 
place by the application of either flame, to neither of which 
does it impart any color. Around the deposit of oxide, the 
charcoal has occasionally a variegated tarnish. 

Zinc. — This metal fuses with ease, and takes fire in the flame 
of oxidation, baruiag with a brilliant greenish-white light, and 
forming thick white fumes of o^de of zinc, which coat the 
charcoal round the assay. This coating is yellow while hot, 
but when perfectly cooled, becomes white. If heated with the 
flame of oxidation, it shines brilliantly, but is not volatilized, 
since the heated charcoal is, nnder these circumstances, insuffi- 
cient to effect its reduction. Even under the reducing flame, 
it disappears very slowly. 

Tin. — This metal fuses readily, and, in the flame of oxidation, 
becomes covered with oxide, which, by a strong blast, may 
be easily blown ofi'. In the reducing, flame, the fused metal 
assumes a white surface, and the charcoal becomes covered with 
oxide. This oxide is of a pale yellow color while hot, and is 
quite brilliant when the flame of oxidation is directed upon 
it. After cooling, it becomes white. It is found immediately 
around the assay, and cannot be volatilized by the application 
of either flame. 

MoLTBDENTiM. — This metal, in powder, is infusible before the 
blowpipe. If heated in the outer flame, it becomes gradually 
oxidized, and incrusts the charcoal, at a small distance from 
the assay, with raoiybdic acid, which, near the assay, forms 
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transparent crystalline scales, and is elsewhere deposited as a 
fiDe powder. The inci-ustation, while hot, is of a jelloK color, 
bnt becomes white after cooling. It may be volatdized by 
heating with either flame, and leaves the surface of the char- 
coal, when perfectly cooled, of a dork red copper color is ith a 
metaJlie lustre, due to the oxide of molybdenum which baa been 
formed by the reducing action of the chaieoal upon the molyb 
die acid. In the reducing flame metalhc molybdenum icma ns 
unchanged. 

SiLVEH. — This metal, when tused alone and kept m tiiis 
state for some time, under a strong oxidizing flame covers the 
charcoal witli a thin film of dark reddisli brown oxide If the 
silver be alloyed with lead, a yellow incrustation of the oxide 
of that metal is first forme i an! afteiwaids is the ailvet 
becomes more pure, a dark red deposit i formed on the char 
coal beyond. If the silver cunta is t, small quantity of anti 
mony, a white incrustation of antimonious acid is formed which 
becomes red oii the sarface if the blast be continued An 3 if 
lead and antimony are both picsent in thi, silver afttr the greater 
part of these metals have been volatilized, a beautiful crimson 
incrustatioii is produced upon the charcoal. This result is 
is obtained in fusing rich silver ores on charcoal. 



SUIPHIDBS, CHLORIDES, IODIDES, AXD BHOMIDEB. 

lu blowpipe experiments, it rarely occurs that we have to 
deal with pure metals, which, if not absolutely non-volatile, 
are recognized by the incrustation they form upon charcoal. 
Some compound substances, when heated upon charcoal, form 
white incrustations, resembling that formed by antimony, and 
which, when heated, may, in like manner, be driven from place 
fo place. Among these are certain sulphides, as sulphide of 
potassium, and sulphide of sodium, which are formed by the 
action of the reducing flame upon the sulphates of potassa and 
soda, and are, when volatilizeil, reconverted into those sulphates, 
and as such flpposited on the charcoal. No incrustation is, 
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liowBTcr, formed, until the wliole of the alkaline sulphate has 
been absorbed into the charcoal, aod has parted with its oxy- 
gen. As sulphide of potaBsium is more volatile than sulphide 
of sodium, an incrustation is formed from the former sooner 
than from the latter of these salts, and is considerably thicker 
in tbe former case. If the potash incrnstation be touched with 
the reducing flame, it disappears with a violet-colored flame ; 
and if a soda incrnstation be treated in like manner, an orange- 
jellow flame is produced. 

Sniphide of lithium, formed by heating the sulphate in the 
reducing fiame, is volatilized In similar manner by a strong 
blast, althotigh less readily than the sniphide of sodium. It 
affords a greyish white film, which disappears with a erimsou 
flame when submitted to the reducing flame. 

Besides the above, the sulphides of bismuth and lead give,, 
when heated in either flame, two different incrustations, of 
which the more volatile is of a vfhite color, and consists in the 
one case of sulphate of lead, and in the other of sulphate of 
bismuth. If either of these be heated under the reducing flame, 
it disappears in the former case with a bluish flame, in the 
latter unaccompanied by any visible flame. The incrustation 
formed nearest to the assay consists of the oxide of lead or 
bismuth, and is easily recognized by its color when hot aud 
after cooling. There are many other metaUic sulphides, which, 
when heated by the blowpipe fiame, cover the charcoal with 
a white incrustation, as sniphide of antimony, sulphide of zinc, 
and sniphide of tin. In al! these cases, however, the incrusta- 
tion consists of the metallic oxide alone, and either volatilizes 
or remains unchanged, when submitted to the oxidizing flame. 

Of the metalhc chlorides there are many which, when heated 
on charcoal with the blowpipe flame, are volatilized and re- 
deposited as a white incrnstation. Among these are the 
chlorides of potassium, sodium, and lithium, which volatilize 
and cover the charcoal immediately around the assay with a 
thin white film, after they have been fused and absorbed into 
the charcoal, chloride of potassium forma the thickest d^fosit, 
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and chloride of lithiQm the thinnest, the latter being moreover 
of a greyish-white color. The chlorides of ammoraum, mercury, 
and antimony volatilize without fusing. 

The chlorides of zinc, cadmium, lead, bismuth, and tin first 
fuse and then cover the charcoal with two different inerusta. 
tions, one of which is a whit« volatile chloride, and the other 
a less volatile oxide of the metal. 

Some of the incrustations formed by metaOic chlorides dis. 
appear with a colored flame when heated with the reducing 
flame ; thus chloride of potassium affords a violet flame, chlo- 
ride of sodium an orange one, chloride of lithium a crimsoii 
flame, and chloride of lead a blue one. The other met<ils 
mentioned above volatiiize without coloring the flame. 

The chloride of copper foses and colors the flame of a beauti- 
ful blue. Moreover, if a continuous blast be directed upon the 
salt, a part of it is driven off in the form of white fumes which 
smell strongly of chlorine, and the charcoal is covered with 
incrustations of three different colors. That which is formed 
nearest to the assay is of a dark grey color, the next, a dark 
yellow passing into brown, and the most distant of a bluish 
white color. If this incrustation be heated nnder the reducing 
flame, it disappears with a blue flame. 

Metallic iodides and bromides behave upon charcoal in a 
similar manner to the chlorides. Those principally deserving 
of mention are the bromides and iodides of potassium and 
sodium. These fuse upon charcoal, are absorbed into its pores, 
and volatilize in the form of white fumes, which are deposited 
upon the charcoal at some distance from the assay. When 
the saline films so formed are submitted to the reducing flame, 
they disappear, coloring the flame in the same manner as tP^e 
corresponding chlorides. 

i. EXAMINATIONS IN THE PLATINUM fOECEPS. 

Before the student attempts to make an examination in the 
platinum forceps or tongs, he should first ascertain whether 
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or not it will act upon the platinum. If t!ie substance to be 
examined shall act chemically upon the platinum, then it 
should be examined on the charcoal, and the color of the 
flame ascertained aa rigidly as possible. The following hsfc of 
substances produce the color attached to them. 



Potash, and all its compounds, with tbe exception of tlic phosphate 
and the borate, tinge the color of the flame violet. 



Chloride of copper, .Intense blue. 

Lead, Faie clear blue. 

Bromide of copper, Bluish green. 

Antimony, Bluish green. 

Selenium, Blue. 

Arsenic, Engliah green. 

C. CBEEN. 

Ammonia, ....................... .Dsfk green. 

Boracic acid, Dark green. 

Copper, Dark green. 

Tellurium, Dark green. 

Zinc, Light green. 

Baryta. Apple green. 

Phosphoric acid, Pale green. 

Mulybdic acid, Apple green. 

Tellurio acid, Light green. . 



Soda, Intense yellow. 

Water Feeble yellow. 



Strontia, Intense crims 

Lithia, Furpiiah red. 

Potaali Violet red. 
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The student may often be deceived iti regard to the colors ; 
f r instaoLe if a smill 'iplinter of -ilmost ^n\ miupra! be held 
t tl e point of the flame of oxidation it w 11 impait a v ry si ght 
follow to the flirae This is cau'icd doubtless lj> the water 
Loi tamed m the mineral If the piece of platinum wu e s used 
auu it bhodd be wet witli the saiiva ai is frequently done by 
the student thou the 'iinll quant ty of snda exioting in that 
fluid will cnl r the tame nt a hgl t lellow Jiue 



The salts of potash with the exception of the boiate an] 
the phosphate coloi the flame of a i ch violet hue This colti 
IB beat discovered in the outer flame of the blowp pe aj, is, the 
case with all the other cobis The flame shonll be a small 
one nith a lamj having a small wick nhile the orifice of the 
blowpipe most be quite f.na!l Th st, espnr menta should like 
wis.e be mile in a lark room so that the colors maj be 
disuerned uith the gieatest case In invebt gatms; with 
potash for the lisceinment of color it shoald be bome m mind 
that the least quantity of todi will entirely destroy the violet 
color of the potash by the substitution of its own strong 
)ellow color If there be not more than the two hundredth 
part of soda the violet reaction of the potash will be destroyed 
This IS likewise the case nith the presence of lithia for its 
pecuhar red color will destroy the v olet of the potash There 
fore in making investigations with the silicates nhich contain 
potash the violet color ot the latter can only be discomed 
when they are free from soda and 1 thia 



(a.) TTie CMoride of Copper. — Any of the chlorides produce 
a blue color in the blowpipe flame, or any salt which contains 
chlorine will show the blue tint, as the color in this case is 
referable to the chlorine itself. There arc, however, some 
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chlorides which, ia conseqnecce of the peculiar reactions of 
their ba&cs, will not produce the blae color, although in these 
cases the blue of the chlorine will be very likely to bleud itself 
with the color produced by the base The chloride of copper 
communicates an intense blue to the flame, when fused on the 
platinum wire. If the heat be continued until the chlorine 
is driven off, then the greenish hue of the oxide of copper will 
be discerned. 

(t.) Lead.— M.etaMic lead communicates to the flame a pale 
bine color. The oxide reacts in the same manner. The iead- 
ealts, whose adds do not interfere with the color, impart also 
a fine blue to the flame, either in the platina force]H5, or the 
crooked wire. 

(c) Bromide of Ccyjier— This salt colors the flame of a 
blnisli-green color, but when the bromine ia driven off, then we 
have the green of the oxide of copper. 

{d.) jlwft'monj/,— This metal imparts a blue color to the 
blowpipe flame, but if the metal is in too small a quantity, 
then the color is a brilliant white. If antimony iq fused on 
charcoal, the fused metal gives a blue color. The white subli. 
mate which surrounds the fused metal, being subjected to the 
flame of oxidation, disappears from the charcoal with a 
bluish-green color. 

(e.) Sde.niwm.—li fused in the flame of oxidation, it imparts 
to the flame a deep blue color. The incrustation upon char- 
coal gives to the flame the same rich color. 

(/.) Arsenic. — The araeniates and metallic arsenic itself 
impart to the blowpipe flame a line blue color, provided that 
there is no other body present which may have a tendency to 
color the flame with its characteiistic hue. The sublimate of 
arsenious acid which surrounds the assay, will give the same 
bine flame, when dissipated by the oxidation flame The 
platinum forceps will answer for the exhibition of the color of 
arsenic, even though the salts be arseniates, whose bases possess 
the property of imparting their peculiar color to the flame, 
such as the arseniate of line 
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(a.) Ammoma. — The salts of ammonia, when heated before 
the blowpipe, and jnst upon the point of disappearing, impart 
to the flame a feeble thoagh dark green color. This color, 
however, can only be iliseerned in a dart room, 

(i.) Boradc Add. — If any one of the borates is mixed with 
two parts of a flux composed of one part of pnlverized fluor- 
spar, and four and a half parts of bisulphate of potash, and 
after being melted, is put upon the coil of a platinum wire, 
and held at the point of the blue flame, soon after fusion takes 
plaee a dark green color is discerned, but it is not of long 
duration. The above jirocess is that recommended by Dr. 
Turner. The green color of the borates may be readily seen 
by dipping them, previously moistened with snlphuric add, 
into the upper part of the blue flame, when the color can 
be readily discerned. If soda be present, then the rleh green 
of the boracic acid is marred by the yellow of the soda. Borax, 
or the biborate of soda (NaO, 2B0i) may be used for this 
latter reaction, but if it be moistened with sulphuric acid, the 
green of the boracic acid can then be seen. If the borates, 
or minerals which contain boracic acid, are fused on charcoal 
with carbonate of potash, then moistened with sulphuric acid 
and alcohol, then the bright green of the boracic acid is pro- 
duced, even if the mineral contains but a minnte portion of 
the boracic acid. 

(c) Copper. Nearly all the ores of copper and its salts, 
f^ve a bright green color to the blowpipe flame. Metallic 
copper likewise colors the flame green, being first oxidized. 
If iodine, chlorine, and bromine are present, the flame is con- 
siderably modified, but the former at least intensifies the color. 
Many ores containing copper also color the flame green, but 
the internal portion is of a bright blue color if the compound 
contains lead, the latter color being dne to the lead. The 
native sulphide and carbonate of copper should be moistened 
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with enlpnuric acid, while the former should be previously 
roasted. If hydrochloric aeid is used for moistening the salts, 
then the rich green given by that moistened with the sulphuric 
acid is changgd to a blue, being thus modified by the chlorine 
of the acid. Silicates containing copper, if heated in the flame 
in the platinum forceps, impart a rich green color to the outer 
flame. In fact, if any substance containing copper be sob- 
mitted to the blowpipe flame, it will tinge it green, provided 
there be no other substance present to impart its own color 
to the flame, and thus modify or mar that of the copper. 

(d.) Tellv,riiim.—Ii the flame of reduction is directed upon 
the oxide of tellurium placed upon charcoal, a green color is 
imparted to it. If the telluric acid be placed upon platinum 
wire in the reduction flame, the oxidation flame is colored 
green. Or if the sublimate be dissipated by the flame of 
oxidation, it gives a green color. If selenium be present, the 
green color is changed to a blue. 

(e.) Zinc. — The oxide of zinc, when strongly heated, gives a 
bine flame. This is especially the case in the reducing flame. 
The flame is a small one, however, and not very characteristic, 
as with eertairf preparations of zinc the blue color is changed 
to a bright white. The soluble salts of zinc give no blue color. 

(/.) Baryta. — The soluble salts of baryta, moistened, and 
then submitted to the reduction flame, produce a green color. 
The salt should be moistened, when the color will be strongly 
marked in. the outer flame. The insoluble salts do not produce 
so vivid a color as the soluble salts, and they are brighter wheu 
they have previously been moistened. The carbonate does 
ot g V a strong col r 1 t the acetate loe so long a t s not 
allowed to tarn to a carlonate Ibe Morde when fused on 
th plat num v re n tl e {.o nt of the ed ct on flame mpi is, 
a fane green color to the ox lat on flame Ihis tmt hanges 
finally t a fa nt d rtv green olo Tl e Iphate of 1 a yta 
colo the flame ^jreen when heated ot tie jo nt of the redac 
t fl^me But ne ther the sul^i ite ca bonate no n f a f 
a ) the salt of baryta g v s ch a fi e green col r as th 



..Google 



Ihitiatokt Analysis, 67 

chloride. The presence of lime does iaterfere with tiie reac- 
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The salts of soda all give a bright yellow color when heated 
in the platinum bop in the reduction flame. This color is 
very persistent, and wil! destroy the color of almost any other 
substance. Every mineral of which soda Is a constituent, 
give this bright orange-yeHow reaction. Even the silicate of 
soda itself imparts to the flame of oxidation the characteristic 
yellow of soda. 



(a.) SiroM^.— Moisten a small piece of the chloride of 
strontium, put it in the platinum forceps and submit it to the 
flame of reduction, when the outer flame will become colored 
of an intense red. If the salt of strontia should be a soluble 
one, the reaction is of a deeper color than if an insoluble salt 
is used, while the color is of a deeper crimson if the salt is 
moistened. If the salt be a soluble one, it should be moistened 
aDd dipped into the flame, while if it be an insoluble salt, it 
should be kept dry and exposed beyond the point of the flame. 
The carbonate of strontia should be moistened with hydro- 
chloric acid instead of water, by which its color similates that 
of the chloride of strontium when moistened with water. In 
conseqnence of the decided red color which strontia commu- 
nicates to flame, it is used by pyrotechnists for the purpose of 
making their "crimson fire." 

(S.) Idthia. — The color of the flame of iithia ia slightly 
inclined to purple. The chloride, when placed in the platinum 
loop, gives to the outer flame a bright red color, sometimes 
with a slight tinge of pnrple. Potash does not prevent this 
reaction, although it may modify it to violet ; but the decided 
color of soda changes the red of Iithia to an orange color. If 
much soda be present, the color of the Iithia is lost entirely. 
The color of the chloride of lithium may be distinctly produced 
before the point of the blue flame, and its durability may he 
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ttie meaus of determining it from that of lithium, as. the latter, 
under the same conditions, is quite evanescent. The minerals 
vliich contain hthia, frequently contain soda, and thus the lat- 
ter destroys the color of the former. 

(e.) Potash. — The salts of potash, if the acid does not inter- 
fere, give a purplish-red color before the blowpipe ; but as the 
color is more discernibly a purple, we haye classed it under that 

{d.) Lime.- — The color of the flame of lime does not greatly 
differ from that of strontia, with the exception that it is not so 
decided. Arragonite and caleareons spar, moistened with hydro- 
chloric acid, and tried as directed for strontia, produce a red 
light, not unlike that of strontia. The chloride of eaJcinm gives 
a red tinge, bat not nearly so decided as the chloride of strontium. 
The carbonate of lime will produce a yellowish flame for a while, 
until the carbonic acid is driven off, when the red color of the 
lime may be decerned. 

If the borate or phosphate of lime be used, the greea color 
of the adds predominates over the red of the hme. Baryta also 
destroys the red color of the lime, by mixing its green color 
with it. There is but one silicate of lime which colors the 
flame red, it is the variety termed tabular spar. 

5. ESAMINITIONS IN THE BORAX BEAB. 

In order to examine a substance in borax, the loop of the 
platinum wire should, after being thoroughly cleaned, and 
heated to redness, be quickly dipped into the powdered 
borax, and then quickly transferred to the flame of oxidation, 
ttud there fused. If the bead is not large enough to fill the 
loop of the wire, it must be subjected agajn to the same pro- 
cess. By examining the bead, both when hot and cold, by 
holding it up against the light, it can be soon ascertained whe- 
ther it is free from dirt by the transparency, or the want of it, of 
the bead. 

In order to make the examination of a substance, the bead 
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should be melted and pressed against it, when enough will 
adhere to answer the purpose. This powder shoald then be 
fused ill the oxidation flame nntil it mixes with, and is tho- 
roGghly dissolved by the borax bead. 

The principal objects to be determined now are : thp color of 
the horax bead, both when heated and when cooled ; also the 
rapidity with which the substance dissolves in the bead, and if 
any gas is eliminated. 

If the color of the bead is the object desired, the quantity of 
the substance employed must be very small, else the bead will 
be so deeply colored as in 'ome cases to appear almo&t opaque 
as for instinte in thit of cobalt Should this be the ca <, 
then white the bead is still red hot it shoald be pressed flat 
with the foiceps or it may while soft be pulled out to a thin 
thread whereby the c lor can be di-tmctly discovered 

Some bodies when heited in the 1 otax bea"! present a clear 
bead both whfle hot and coll but if the lead )e heattd 
with the inteimittent flame or in the flame of reduction it 
becomes opalescent opaque or milk white The alkiline eartlis 
are instances of tlis kind of reaUon also glncina oxide 
of cenum tantil c and titanic acids jttr a and zuconia 
But if a small portion of sflica sh juld be piesent then the bead 
becomes cleir Th s is likewise the case with some s licates 
provided there be not too large i quantity present that is o> er 
the quantity necessary to saturate the borax for in that casie 
the bead w 11 be opaque when cool 

If the Vead oe heated on charcoal a small tube or cavity 
must be stoope 1 out of the chiicoal the bead i liced m it and 
the flame of reduction playel upan it When the bead is per 
Icctly f ifcd it is taken up Vetwcen the platinnin fuiceps and 
pressed flat so that the color ma; be t e more leidily discerned 
This quick cooling also prevents the protoxides, if there be any 
present, from passing into a higher degree of oxidation. 

The bead should first be submitted to the oxidation flame, 
and any reaction carefully observed. Then the bead should be 
submitted to the flame of reduction. It must be observed that 
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the platinum forceps should not be used when there is danger 
of a metallic oxide beiog reduced, as in this case the metal 
woisl^ alloy with the platinum and spoil the forceps. In this 
case charcoal should he used for the support. If, however, 
there be oxides present which are not reduced by the boras, 
tlieix the platinum loop may be used. Tin is frequently nsed 
for the purpose of enabling the bead to acquire a color for an 
oxide in the reducing flame, by its affinity for oxygen. The 
oxide, thus being reduced to a lower degree of oxidation, 
imparts its peculiar tinge to the bead as it cools 

Th arsnd n3 Iphid bf beng m 1 1 H 
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oxidizes the metal. The hot bead should be pressed upon a 
emal! erjstal of the nitrate, when the bead Bweils, intumesces, 
and the color is manifested in the surface of the head. 



6. EXAMINATIONS IN MICR0C03MIC SALI. 

Microcosmic salt is a better flax for many metallic oxides 
than borax, as the colors are exhibited in it with more strength 
and character. Microcosmic salt is the phosphate of soda and 
ammonia. When it is ignited it passes into the biphosphate 
of soda, the ammonia being driven off. This biphosphate of 
soda possesses an excess of phosphoric acid, and thus has 
the property of dissolving a great nnmber of substances, in 
fact almost any one, with the exception of silica. If the 
substances treated with this salt consist of sulphides or arse- 
nides, the bead must be heated on charcoal. But if the 
substacce experimented upon consists of earthly ingredients 
or metallic oxides, the platinum wire is the best. If the latter 
is nsed a few additional tarns should tie given to the wire in 
consequence of the greater fluidity of the bead over that of 
borax. The microcosmic salt head possesses the advantage 
over that of borax, that the colors of many substances are 
better discerned in it, and that it separates the acids, the more 
volatile ones being dissipated, while the fixed ones combine 
with a portion of the base equally with the phosphoric acid, 
or else do not combine at all, but float about in the bead, as 
is the case particularly with silicic acid. Many of the 
sUicates give with borax a clear bead, while they form with 
microcosmic salt an opalescent one. 

It frequently happens, that if a metallic oxide will not give 
its peculiar color in one of the flames, that it will in the other, 
as the difference in degree with which the metal is oxidized 
often determines the color. If the bead is heated in the re- 
ducing flame, it is well that it should be cooled rapidly to 
prevent a reoxidatiou. Keductiou is moch facilitated by the 
employment of metallic tin, whereby the protoxide or the 
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The following tables, taken from Piattner and bherer A^ill 
present the reactions of the metallic oxidei ind some of the 
metallic acids, m sach -x clear light that the ■student cannot 
very easily be led at,tray if he gives the least attention to them 
It frequently happens thit a tabular stitemPnt of reaction-) 
will impress facts upon the memory when long detailed deicnp- 
tions will fad to do so It is foi this purpose that we subjoin 
the following excellent tables. 
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BORAX. B. MICROCOSMIC SALT. 

1. Oiydizing flame. I. Oiydizing fiame. 

2. Reducing " 2. Reducing " 



..Google 



The Blowpipk 



S |2 

^1 = 






hK&ho HJaiSs^ao 



..Google 



Tabi.1 I. A. 




7 


QJ « ■ 
























1 1 s 






u 


















1 1 1 J 




1 


i 


iterm. 
propo 




1 


1 


de of Cerium with in 

white, 
de of Iron, yellow 
de of Uranium with ii 

yellow, 
de of Silver in large 

term, flame opaline, 
ladic Acid, yellow, 
de of Nickel, reddish- 
" Manganese, red 


■ 


2 

% 
S 

Ii 




1 


■S-- 


■3 


■« -K-S ■«■ J5-G- 








1 o oo o t-o 


® 


° 


<=> 


l^g_ 
















■-III 
































^ o 








' 








s 
















cid, yellow 

" dark -yellow 
Zinc, pale-yellow 
Cadmium, pale-ye! 
Lead, yellow 
Bismuth, orange 
Antimony, yellow 
Cerium, red 
Iron, dark-red 
Uranium, red 
Silver 

Acid, yellow 
Chromium, dark-re 


1 s 


1 


1 










iiii;::;;:::i3 


1" " 


1 


i 










&:hbo tS5 


o 


o 


o 


















a 








ft'iT 


cS 




d 




11 


1 


1 



j,Google 



The Blowpipe 











ill 

III 








ill -1 


III 




a 




^•SO 










! 




1 






1 










1 




Ls li . 


1,1 i- 


g 




$ 


jlllSli 1 




1 




mm 




=»===! 


i 




iB^owS;- 


HOl-NEHO EhO V.I^O 


H 










■| 








i bbt^ 


1 






= 1 


S|S, 










?•=! 


a 






^l 




1 








.fl-30 


































1 
1 










.a 




3 a s 


i 5i 






S 




liiiii 






lllfll 


111 ill- 11= ill 


-.,::-S 


■d 
















M 




1 












1 




J 




c 











j,Google 



Table I. A. 



3 , 

i 


s 

1 
1 

.1 

65 

■sis 
If 

06H 


llJf 

I' ' ^ 
o > 


Itll Jul 
ilii Jjli 


1 

a 

■3 

3 
S 


if 


1 

'3 
o 


1 
ill 
o 


Oiide of Silver 

" " Cadmium After short 
■' '■ Lead 1 blowiag. 
" " Bismutii f Otherwise 
" " Antimony oolorlees. 
" " Nicliel 
Telluric Acid J 

) After long con- 
tinued blowing 
andinconaider- 
able proportion. 


1 


11 


S 


1 


ilill 
Mill 


IJ 

II 



j,Google 



The Blowpipe. 
'Si 






..Google 



TiBLB 1. B. 



1 §lb^ 


II 


1 

1 

2 

ii 
f- 


ii 

c 

ii- 
III 

11' 




1 


•3. 

8' 


1 


1 
1 

■31 

if 




1 IL= ,1 1 
|=J|II1IJ|II|| 




llli— 11 




3 


I! 


1 







j,Google 



The B r. o w p I p k . 























.s-Sl 


°ISb 






III 


III 








ist 






^ ° 


MVO 












s 


J 1 
I 11. ii 

! i tllilii 




1 

i 


1 
1 




1 












S 






s^i 


5, 






«■£ S: 








MS a. 


















1 






III 


1 




















" 


1 


















^ 














■3 


.| 






.3 


i e I'lllll 


1 li^ 






§1= - -la .3 'S: : = .2^3 








.S||5.g|f|li||„ Jl 


1 






^ 






















i 




■s 


.g 




s 


1 













j,Google 



TiBLJS I. A. 





1 

t 

.2.1 


1 

m 

m 

Us 


i 1 
llli 






1 
r" 

J- - . 1 

Hiistlli 

m % 

IJffli 


g 
1 

I 
a 


i 

■H§.2 


1 
II 

It 

oa 


1 sg 

lslli|l-= 

1-- ■----■--- . 

f-.-.-.-.-.i 


1 


Yellow, red, 
and brown. 


it 

n 


1 


s 


litis 

Mill 


I 



j,Google 



j,Google 



TABLE II. 



j,Google 



86 

1 

1 
g 

1 


1 

1 


The Blowfipi 

■ Bill 


J 


1 

! 


ifj 

Pi 


i 
1 

i 


1 

i 


^ 

s 
^ 


The color of the bead 
becomes paler, so that a 
bead, which is yellow iu 
the oiidizing flame, is 
rendered colorless. With 
a large quantity of oiide 
the bead becomes white 
and crystalline on cool- 
ing. 


^1 


1 
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DissolTeB into a red or 
dark yellow glass (simi- 
lar to that produced by 
iron). During cooling, 
the color diminiahes in 
intensity and becomes 
finally yellow. If much 
oaide be dissolved, nn 
opaque bead may be ob- 
tained with an intermit- 
tent flame, and a still 
larger quantity renders 
it opaque spontaneously. 


Dissolves into a color- 
less glass, which, when 
sufficient oside is pre- 
sent, may be rendered 
opaque with an inter- 
mittent flame, and be- 
comes so sponlaneously 
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The colored bead im- 
mediately loses its color, 
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the reduction the fluid 
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quantity of oxide an 
amethyst color is ob- 
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With a small propor- 
tion of oxide there is no 
reaction. With a larger 
amount the bead is red, 
while warm, and becomes 
on cooling successively 
yellow, green, and rus- 
set. With the ftddiijon 
of tin the glaaa becomes, 
during coohng, firat 
green and then color- 
less. 
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With a certain amount 
of oxide, the glasa ia of 
a yellowiah-red color, 
which on cooling changea 
to yellow, then green, 
and finally becomes co- 
lorless. With a large ad- 
dition of oiide, the color 
is, when warm, dark red, 
and paasea, while cool- 
ing, into brownish-red, 
dark green, and finally 
browniah-red. During 
the cooling procesa, the 
colors change more ra- 
pidly than with borax. 
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Treated alone on plati- 
num wire, the glass be- 
comes of a bottle-green 
color (F'O'l and if 
touched with tin, it be- 
comes of a pale sea- 
green. On charcoal with 
tin, it assumes at first a 
bottle-green color, which 
by continued blowing 
changes to a sea-green 
(FeO). 
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With a small propor- , 
tion of oxide, the glass 
is of a yellow color, while 
warm, and colorless when 
cold ; with a larger pro- 
portion, red, while warm, 
and yellow, when cold; 
and with a stiU larger 
amount, dark-red, while 
warm, and dark-yellow. 
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On platinum wire the 
nickeliferous bead un- 
dergoes no change. 
Treated with tin upon 
charcoal, it becomes at 
first opaque and grey, 
and after long continued 
blowing the reduced 
nickel forms a bead, and 
the glass remains color- 
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Dissolves into a reddish 
glass which becomes yel- 
low on cooling. With a 
large addition of the 
oxide, the glass is brown- 
ish while hot, and orange 
when cold. 




The oiide is reduced 
and the metallic par- 
ticles give the bead a 
turbid grey appearance. 
If the blast be continued 
the metallic particles 
fall together without 
fusing, and the glass 
becomes colorless. This 
reaction is readily ob- 
tained with dn upon 
charcoal, and the re- 
duced nickel fuses to a 
bead with the tin. 
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Colors intensely. A 
small amount of oxide 
affords a glass which, 
while warm, ig violet, 
and becomes of a pale 
reddish-brown on cool- 
ing. A larger addition 
produces a dark violet 
color in the warm and 
reddish-brown in the 
cold bead. 
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On plaMnum wire the 
saturated glass becomes 
at first opaqiie and grey, 
but by a sustained blast 
is again rendered clear. 
On charcoal the oiide is 
gradually reduced; the 
metal is volatilized and 
incruata the charcoal 
with oxide. 
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Dissolves easily into a 
clear colorless glass, 
which, when raueli oiide 

dered opaque and floc- 
culent by an intermit- 
tent flame, and becomes 
ao spontaneously with a 
still larger addition. 
When a considerable 
quantity is dissolved, a 
glass is obtained which 
is pale yellow, while hot, 
and colorless when cold. 


When in very large 
proportion, dissolves to 
a clear yeUow glass, 
which becomes nearly 
colorless on cooling. 
When the oxide is 
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metallic cadmium ia vo- 
latilized and incrusta the 
charcoal with its char- 
acteriatio deep yellow 
oiide. 
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spreads out on charcoal, 
becomes turbid, bubblea 
up, until the whole of 
the oxide ia reduced, 

clear. It is, however, 
difficult to bring the lead 
together into a bead. 


present in any conadec- 
able quantity, tie glass 
can be rendered opaque 
with an intermittent 
flame, and, with a larger 
addition, it becomes so 
spontaneously on cool- 
ing. 
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loses ita color upon cool- 
ing, and when contain- 
ing much oxide can be 
rendered dull under an 
intermittent flame. With 
a still larger addition of 
oiide it becomes opahne 
yellow on cooling. 
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DisBoWes in email quan- 
tity to a clear colorless 
glass. A larger addition 
affords a glass which, 
whQe warm, is yellow, 
and becomes colorless 
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A glass containing bat 
little oxide undergoes no 
change. If much of the 
latter be present, a part 
may bo reduced upon 
charcoal. 


A glass becomes at 
first grey and turbid, 
then begins to efferreece, 

during the reduction of 
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In small quantity dis- 
solves slowly into a 
clear colorless glass, 
wliicb, when cold, re- 
mains clear, and cannot 
be rendered opaque with 

If a saturated beadi 
which has been allowed 
to cool, be reheated to 
incipieat redness, it loses 
its roujided form and 
exhibits imperfect crys- 
tallization. 
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dear glass which with 
a small amount of the 
oiide is yellow, while 
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The glass assumes a 
beaiitifol green color, 

brilhant as the bead 
cools. The addition of 
tin upon charcoal pro- 
duces no further change. 


on cooling. When in 
sufficient proportion the 
gloss may be rendered 
opaque under an mter- 
mittent flame, and a still 
larger addition of oside 
renders the bead spon- 
taneously opaque on 
COOhng. 
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the oside, and it Snally 
becomes perfectly clear. 
If tin be added, the glass 
becomes at first grey 
from the reduced bis- 
muth, but, when the 
metal ia collected inio a 
bead, the glass is again 
clear and colorlesa. 


Affords the same color 
Bstheoiideofu'on. The 
green glass obtained in 
this flame, if sufficiently 
saturated, can be ren- 
dered black by an in- 
termittent flame, but it 
has under these circum- 
stances DO enameline ap- 
pearance. On charcoal, 
wiUi the addition of tin, 
the glass takes a dark 
green color. 


colorless on cooling. 
With a larger addition, 
the glass is, in the hot 
state, of a deep orange 
color, which changes to 
yellow and finaJtj be- 
comes opaline in pro- 
cess of cooling. 


Behaves similarly to 
oiide of iron, with the 
esception that the color 
of the former is some- 
what paler. When suf- 
ficiently saturated, the 
glass may be rendered 
of an opaque yellow by 
an intermittent flame. 
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With an equal propor- 
Hon of oside, this salt 
is not so strongly color- 
ed as borai. A small 
amount imparts a green 
color in the warm and a 
blue in the cold. With 
a very large addition of 
oside, the glass is opa- 
que hi the hot state, and 
after coohng of a green- 
ish-blue. 
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If not too saturated, 
the cupriferous glass 
soon becomes nearly co- 
lorless, but immediately 
on solidi^g assumes a 
red color luid becomes 
opaque. By long conti- 
nued blowing on char- 
coal, the copper in the 
bead is reduced and se- 
parates oat as a. small 
metallic bead, leaving 
the glass colorless. With 
the addition of tin, the 
glass becomes of an 
opaque dull-red on cool- 
ing. 
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1 

is 
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Prodnces an intense 
coloration. If in small 
quantity, the glass is 
green, while warm, and 
becomes blue on coohng. 
If in large proportion, 
the green ooioc is so hi- 
tense as to appear black. 
When cool, this becomes 
paler, and changes to a 
greenisli blue. 
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Both the oside and the 
metal afford a yellowish 
glass, which, when con- 
tainmg much oiide be- 
comes opaline, exhibit- 
ing a yellow color by 
daylight and a red one 
by artificial light. 


5 


On charcoal the argeu- 
tiferoua glass becomes at 
firat grey from the re- 
duced metal, hut after- 
wards, when the siiTer 
is collected into a bead, 
it becomes clear and co- 
lorless. 


1 
1 
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The oxide is partly 
dissolved and partly re- 
duced. In small quan- 
tity, it colors the glass 
yeUow while warm, the 
color disappearing on 
cooling. In larger quan- 
tity, the glass is yellow 
while warm, but durmg 
cooling becomes paler to 
a certain point, and then 
agfun deeper. If re- 
heated sightly, the glass 
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The glass obtained in 
the oxidizing flame un- 
dergoes, no change, nor 
does it, according to 
ff. Rose, alter by the 
addition of sulphate of 
iron. 


: 1° 

n 

4: 
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Dissolves readily to a 
clear glass, which, when 
it contains a hirge pro- 
portion of tbe acid, is 
yellow while warm, but 
becomes colorless on 
coolmg. 
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Dissolves readily to a 
clear colorless gla'^s, 
whieh, when sufficiently 
saturated, may be ren- 
dered opaque with an 
intermittent flame, and 
with a larger addition of 
the acid becomes spon- 

eooling. 
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If the acid be not 
present in too large a 
proportion, the glass re- 
mains nnchangcd. An 
additional amount of the 
acid renders it violet, 
and a still larger quan- 
tity affords a beautiful 
pure blue color, similar 
to that produced by 
tungflticacid. If to such 
a bead some sulphate of 
iron be added, the glas.s 
becomes blood-red. The 
addition of peroxide of 
iron renders the glass 
deep yellow while warm, 
the color becoming paler 
on cooling. 
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The glass obtained in 
the osidizmg flame and 
whieli has become opa- 
lescent on cooling, is 
rendered dear in the 
reducing flame. With 
a larger addition of the 
add. it becomes dull, 
and of a bluish-grey co- 
lor on cooling, and a 
still larger amount ren- 
ders it opaque and bluish 
grey. 


1 
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1 
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Behaves in a similar 
manner to tantalic acid, 
but the glass requires a 
very large dose of the 
acid to render it opaque 
under an intermittent 
flame. With an increased 
amount of the acid, the 
glass is clear and yellow, 
while warm, but becomes 
on cooling tarbid, and 
when quite cold ia white. 
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With a sufficient dose 
of the acid, the bead 
becomes brown with a 
violet tinge. This reac- 
tion is readily obtained 
upon charcoal. Sulphate 
of iron renders tiie bead 
blood -red. 


On charcoal tbe satu- 
rated glass becomes at 
first dull, but as soon as 
the reduced antimony is 
Tolatihzed, it again be- 
comes clear. With tin, 
the glass is at first ren- 
dered grey by the re- 
duced antimony, but by 
continaed blowing is 
restored to clearncRS. 
Eren when tbe glass 
contains bnt little oxide, 
tin produces this reac- 
tion. 


II 
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A bead contuning suf- 
licicnt of the acid to 

opaque on cooling, has 
a greyish color. 


A bead, that has only 
been treated for a short 
time in the osidizing 
flame, when submitted 
to the reducing flame 
becomes grey and turbid 
from the reduced anti- 
iiiony. This soon vola- 
tiliziis and the glass ag^n 
becomes clear. Tbe ad- 
dition of tin renders the 
glass ash^rey or black, 
according to the amount 
oforideitaontdds. 


S 

t 
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Even when in large 
proportion, dissolves to 
a dear glass, which is 
yellow when warm, bnt 
almost entirely loses its 
color on cooling. On 
charcoal, the antimo- 
nious acid may be al- 
most expelled, so that 
tin produces no fiirther 
change. 
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When the oxide ia pre- 
sent in small quantity, 
the glass undergoes no 
change. With a larger 
proportion, the glaas is 
deep yeflow while warm, 

and yellowieh-brown 
when cold. This reac- 
tion takes place upon 
charcoal, with a small 
quantity of the acid. Tin 
produces a dark colora- 
tion, when the acid is 
not present in too great 
a quantity. 


The glass, whith has 
been treated in the oxi- 
dizuig flame, becomes, 
when the acid is not 
present in too large a 
quantity, brown, and 


J 
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Dissolves readily to a 
clear eolorlesa glass. In 
large proportion it ren- 
ders the boras yellow, 
while warm, and with a 
stiU greater addition the 
head may be made opa- 
que with an intermittent 
flame. If more bo then 
added, this reaction takes 
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briiHant green, simUar 
to that produced by oi- 
ide of chromium. The 
reaction on charcoal ia 
precisely similar. Tin 
renders the color some- 
what darker. 


1 


of a y6nowi$h.«reen co- 
lor when warm, and be- 

orcooiuf" ^ 0^ " h^i^ 
coal, the glass becomes 
dark, and when cool has 
a beautiful green color. 
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iu larger quantity 
while warm and 
e when cold, and a 
r addition of acid 
ra it yellow when 
the color, on cool- 
langing first to a 
enaiuel blue, and 
as enamel white. 


solves to a clear 
which is colorless 
only a small quan- 
{ acid is present, 
yellow when cou- 
g a larger proper- 
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Dissohes to a clear 
glass which has a pink 
tmge while warm, but on 
cooling becomes dusky 
green, and finally brilU- 
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A small quantity of Ihe 
oxide renders the glass 
beautifully green both 
when warm and when 
cold. A larger addition 
changes it to a darker 
emerald green. Tin pro- 
duces no change in the 
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Affords on intense co- 
lor, but dissolves slowly. 
A small proportion co- 
lors the glass yellow 
when warm, and yellow- 
ish green when cold; a 
larger addition prodnoea 
a dark red color when 
warm, which, on cool- 
ing, becomes yellow and 
finally a brilliant green 
with a tinge of yellow. 


1 


Dissolves to a clear 
coloriess glass which, 
when treated on char- 
coal, becomes grey and 
dull from particles of re- 
duced tellurium. 
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The carbonate of soda is pulveiizeJ and tlien kneaded to a 
paste with water, the substance to be examined, m tiie powder, 
16. also mixed with it. A small portion ot this paste li plated 
on thfi chaicoal, ind f!,raduallj heated uuiil the moiatuie ib 
expelled, when the heat 16, brought to the fusion of the bead, 
or aa high as it can be raised beieral phenomena w ill tiLe 
place, which mu^t be eioselj observed Notice whether the 
substance fuses with the bead, and if so, whether there is intu 
mescence or not Oi, whether the substance undei^^oei ndnc 
tion, or, whether noithei of these reactiouo takes place, ind, on 
the contrary the soda amks into the chaicoal leaving tje sub- 
stance mtact upon its surface If intumeaceace takes [ Uce the 
1 lesciice of e ther tartaric acid molybdio acid silicic or tung 
tic acid IS m heated The sihcic acid will fii.e mto a bead 
which becomes clear when it is cold Titamc acid will fuse 
n to the bead but maj 1 e easily distinguished frjm the sihcie 
aLid by the bt-id re naming opaque when cold 

fetrontia and baryta will flow into the chaicoal but hme will 
not The moljbdic and tingatic acidi comb le with the soda 
forming the lespective salts These salts aie absorbed by 
the el arcoal If too great a quantity of soda is used the bead 
will be quite likelj to become ipaque upon coolmg while if 
too tmall a quant ty of sods, is u'ied t portion of the substance 
will lemm uidi&iolved These can be equilly avo ded by 
either the addition of soda, or the substance espenm nted 
upon asmay be leiaired 

As silica and titanic acid are the only two subbtanccs that 
j reduce a cleir 1 eid the student if he gets a cleir bead may 
almost conclude that he is experiraeuting n ith s lica titanic 
acid being a lire substance 'When soda la heated with 
sibca a si ght effervescence will be the first phenomenon no- 
t ccd This IS the escaje of the caib o c aci 1 of tlie caibonate 
ui aoia rthile the il cu. aud take^ its jlace loiming a j,laa^ 
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pho pliate of j tti i du f aiumii a do of lime pe sulpliite of 
iron bulpbate of alumiDa aluminite alumstone fluor de of 
ceiium yttiocente topaz co uidum jleonaste chonliolite 

3 The filloBing minerah produce beada nith a small quan 
tity of soda hut pioduce slags if too macli sod-i is added 
pheaak te pierosmme ilivne CPnte cjamtt, talc gidol mte 
lith um tourmal ne 

1 L he following minerals when fused ilone pr duce 1 tada 
Of these minerals the tollowing jrodice leads with sodi tie 
zeolites, spodnmene, aoda-spodumene, labiadoi, scipolite, aodahte 
(Greenland), el^ohte, mica from pnmitive lime stone, black 
tale acmite, krokidohte, lievrite, cronatedtite, garnet, cerme, 
helvine, gidolinite, boracic acid, hydrohoracitc tinea!, boiacite, 
datholite, botryoiite, axinite, lapis iozuli, eudiilyte, pyroamalite, 
ctjolite 

2 The following minerals produce beida nith a sraT,lI quan 
tity of soda, hut it too much is added they produce slags 
okemte, pectolite, red silicate of manganese black hjdro sili- 
cate of manirinese, idocrase, minganesian garnets, oithite, 
pyroithite, Bordanalite, sodahte, fluorspai 

3 The followmg minerals produce a slag with tsoda brovi 
cite, amphodehto, chlorite, fahlumte pyrope soip-stonp (Ooi- 
nish) led diehroite, pyrargillite, black potash tourmaline, wol 
fiam, pharmacohte, scorodite, arsemate of iron tetraphyhne, 
hetepozite, uranite, phosphate of irou, do cf ftrontia, do of 
magneaia polyhahte, hanyne 

4 The followmg metals are rednced by soda tungstate of 
lead, molybdate of lead, vanadate of lead cliromate of lead, 
Tauquelmite, cobalt bloom, nifkel ochre, phosphate of copper, 
sulphate of lead, chloride ot lead ind chloride ot silver 

The following minerals fuse on the edges alone, when heated 
in the blow-pipe flame ; 

1, The following produce beada with soda: steatite, meer- 
schaum, felspar, albite, petalite, nepheline, anorthite, emerald, 
euclase, turquois, sodalite (Vesuvius). 

2. The following minerals produce beads with a small quaa- 
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tity of soda, but with the additioD of more produce slif^s ■ 
tabulir spar, diallage, hjpersthene, epidote, aoisite 

3 The following minerals pioduee slags only with &oda 
stilpnosideiite, plombgomme, aerjientine, silicate of manga 
nese (from Piedmont), mica tiom gianite, pimehte pmite blue 
dichroite, sphene, karpbolite, pyiochloie, tung'state of lime, 
green soda tourmaline, Uzulite, heavy spar, gypium 

The reactions of ^bstanccs, whtn fused with --odi m the 
flame of oxidation ma^ be of use to the student A few of 
them are therefore given bilica gires a clear glan 

The oxide oi tellurium and telluric acid f,iTcs a dudr bead 
when it is hot, bnt white after it is cooled. 

Titanic add gives a yellow bead when hot. 

The oxide of chromium gives also a dear yellow glass when 
hot, but is opaque when cold. 

Molybdic acid gives a clear bead when hot, but is tnrbJd and 
white after cooling. 

The oxides and acids of antimony give a clear and colorless 
bead while hot, and white after cooling. 

Vanadic acid is absorbed by the charcoal, although it is not 
reduced. 

Tungstic acid gives a dark yellow clear bead while hot, but 
is opaque and yellow when cold. 

The oxides of manganese give to the soda bead a fine char- 
acteristic green color. This is the case with a very small quan- 
tity. This reaction is best exhibited on platinum foil. 

Oxide of cobalt gives to the bead while hot a red color, 
which, upon being cooled, becomes grey. 

The oxide of copper gives a clear green bead while hot. 

The oxide of lead ^ives a cleii colorless bead wh le hot 
which becomes npon cooling of a dirty yelbw ol i and 
jiaque 

Thf following metals when they are fused with soda on char 
coal 1 tie flime of reduction pioduce volitile oxides and 
lea\ e an mcmstation around the assav via bismuth zinc 
leal ilium ant oi y elenium t lluiium ani arae ic 
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Bismuth, under the reduction flame, yields small particles of 
metal, which are brittle and easily crushed. The incrustation 
is of a flesh color, or orange, when hot, but gets lighter as it 
cools. The sublimate may be driven about the charcoal from 
place to place, by either flame, but is finally dissipated. While 
antimony and tellurium, in the act of dissipation, give color to 
the flame, bismuth does not, and may thns be distinguished 
from them. 

Zinc deposits an incrnstation about the assay, which is yel- 
low while hot, bat fades to white when cold. The reduction 
flame dissipates this deposit, but not that of oxidation. All 
the zinc minerals deposit the oxide incrustation about the 
assay, which, when moistened with a solution of cobalt and 
heated, changes to green. 

Lead is very easily reduced, in small particles, and may be 
easily distinguished by its flattening under the hammer, unlike 
bismuth. It leaves an incrustation around the assay resem- 
bling that of bismuth, in the color of it, and in the peculiar 
manner in which it lies around the assay. 

Cadmv/tn deposits a dull reddish incrustation around the 
assay. Either of the flames dissipate the sublimate with the 
greatest readiness. 

Atiiimony reduces with readiness. At the same time it yields 
considerable vapor, and deposits an incrustation around the 
assay. This deposit can be driven about on the charcoal by 
either of the flames. The flame of reduction, however, pro- 
duces the light blue color of the antimony. 

Sdeniwm is deposited on the charcoal as a grey metallic- 
looking sublimate, but sometimes appearing purple or blue. 
If the reduction flame is directed on this deposit, it is dissi- 
pated with a blue light, 

TeUiirium- is deposited on the charcoal as a white suhlimatei 
sometimes changing at the margin to an orange or red color. 
The oxidation flame drives the deposit over the charcoal, while 
the reduetion-flame dissipates it with a greenish color. 

Arsenic is vaporized rapidly, while there is deposited around 
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the a'.say i white incinBtation of ^rsenious atid This deposit 
will extciid to some distaDce from the issay and is re^ilily vol 
atiiized the reducing flame producing the chai act eristic alha 

The foIlfwiDg metals or their compound? are reduced when 
fused with soda on charcoal in the flame of redaction They 
are redaced ti metallic particles bat give no incrustition viz 
mckel coba,It iron tin, copper gold silvur platinum tungsten 
and moljbdemim 

The particles of iron nickel and cobalt it should bo borne 
in mind are attracted by the magnet 

The following substances are neither fused noi reduced m 
soda VIZ ilumina magnesia lime baijta strontia the oxide 
of uranium the oxides of cerium zireonia tantal c ^cid tho 
rina glucma and yttria Neithei ire the alkahei is thoy 
sink into the charcoal The c-irbonate? of the eaiths strontia 
and baryta fuse. 
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Part III. 



SPECIAL REACTIONS; OR, THE BEHAVIOR OF 
SUBSTANCES BEFORE THE BLOWPIPE. 

ANALrncAL CHEMaTBi in^j be tcim d tie iit if converting 
the unknown constituents of substiicp* I j meiri of certain 
operations, into new combinations wh th we lecognize through 
the physical and cheraiea! properties which thej manifest 

It is, therefore, indispensably necessary not oniy to be cogn 
zant of the peculiar conditions by which these operations can 
be effected, bnt it is absolutely necessaiy to be acquaintel with 
the forms and combinations of the re'iulting product and w iHi 
every modification which may be prodnced by ^Iterino- the ron- 
ditions of the analys s 

We shall first give the bchavnr of imple suhstancfa befcre 
the blowpipe ; and the student shonH study this part thoi 
oaghly, by repeating each reacti n so that he can acqaiiP a 
knowledge of the color foim ind physical projerties in gene 
ral, of the resnlting comb nation There is nothing perhaps 
which wOl contribute moie readily to thr pi ogress ot the pupil 
than thorough practice with the reactions recommcnled m this 
part of the work, foi when once the student shall have acquired 
a practical eye in the discernment of the peculiar appearances 
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of Bubstances after tlioy hive nadcrnOne the decompositions 
produced by the strong heat tf the blowpipe flime together 
with the leactioub incident to the'e changes then he will have 
gieatly pr">gre=Bed in his ';tudy and th? rest will be compara- 
tively simple. 

A. METALLIC OXIDES, 

GKOUP FIRST.— THE ALK. 

The alkalies, in tlieir pure, or carbonated state, render red- 
dened litmus paper blue. This is likewise the case with the 
sulphides of the alkalies. The neutral salts of the alkalies, 
formed with the strong acids, do not chiogp litmus piper, but 
the salts formed with the weak acid^, render the red litmns papei 
bine, for instance, the alkaline silts with boracic acid Fuicd 
with borax, soda, or miciocofcmii- salt, they give a cleai bead 
The alkalies and their salts melt it a low red htit The alka 
lies caonot be rednced to the metallic state before the blow 
pipe They are not volatile when red hot, except the alkali 
ammonia, but tliey are Tolatile at a white heat 

(a ) Fotassa (EO) — It is not found free, but in combina 
tion viith moiganic and organic acids, as well in the animal as 
in the vegetable oiganism, as m the mmeial kingdom In the 
pure 01 luhydioua state or as the carbonate potaasa absorbs 
moibture, and becomes fluid, or is deliquescent, as it i& teimcd. 
By exposing potassa, or its easily fusible salts (except the phos- 
phate or borate), upon platinum wire, to the point of the blue 
flame, there is communicated to the external flame a violet 
color, in consequence of a reduction and reoxidation. This 
color, though characteristic of all the potassa compounds, is 
scarcely visible with the phosphate or borate salts of that 
alkali. The admixture of a very little soda (a^th) destroys 
the color imparted by the potassa, while the flame assumes a 
yellow color, characteristic of the soda. The presence of lithia 
changes the ?iolet color of the potash into red. The silicates 
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of potassa must exist in pretty large proportion before they can 
be detected by the violet color of the flame, and those minerals 
must melt easily at the edges. The presence of a little soda in 
these instances conceals the reaction in the potassa entirely. 

If alcohol is poured over potassa compoands which are pow- 
dered, and then set on fire, the external flame appears violet- 
colored, particularly when stirred with a glass rod, and when 
the alcohol is really consumed. The presence of soda in lithia 
will, in this case likewise, hide by their own characteristic 
color, that of the potassa. 

The salts of potassa are absorbed when fused upon charcoal. 
The sulphur, bromine, chlorine, and iodine compounds of potassa 
^ve a white, but easily volatile sublimate upon the charcoal, 
around the place where the fused substance reposed. This 
white sublimate manifests itself only when the substance is 
melted and absorbed ivithin the charcoal, and ceases to be 
visible a? soon as it is submitted to the reducing flame, while 
the external flame is colored violet; snlphate of potassa, for 
instance, is reduced by the glowing charcoal into the sulphide. 
This latter is somewhat volatile, but by passing through the 
oxidation flame, it is again oxidized into the sulphate. This, 
being less volatile, sublimes npon the charcoal, but by expos- 
ing it again to the flame of reduction, it is reduced and carried 
off to be again oxidized by its passage tlirougb the oxidation 
flame. 

Potassa and its compounds give, with soda, borax or micro- 
cosmic salt, as well when hot as cold, colorless beads, unless 
the acid associated with the alkali sliould itself produce a 
color. When borax is fused with some pure boracic acid, and 
sufficient of the oxide of nickel is added, so that the beads 
appear of a brown color after being cooled, and then the bead 
thus produced fused with the snbstance suspected to contain 
potassa, m the oxidation flame, the brown color is changed 
to bine. The presence of the other alkalies does not prevent 
this reaction. As it is not possible to detect potassa com- 
pounds with unerring certaintj by tlie bluwpi])e flame, the 
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tbe wet msthod should be resorted to for the purpose of 
coa arming it. 

The silicates of potassa must he prepared as follows, for aua- 
Ijtical purposes by the wet way. Mix one part of the finely 
powdered substance with two parts of soda (free from potassa), 
and one part of boras. Fuse the mixture upon charcoal in tlie 
oxidation flame to a, clear, transparent bead. This is to be 
exposed again with the pincers to the oxidation flame, to burn 
off the adhering coal particles. Then pulTcrize and dissolve in 
hydrochloric acid to separate the silica; evaporate to dryness, 
dissolve the residue in water, witli the admixture of a little 
alcohol, and test the filtrate with chloride of platinum for pot" 

(i.) Soda, (NaO).. — This is one of the most abundant sub. 
stances, although seldom found free, but combined with chlorine 
or some other less abundant compound. Soda, its hydrate and 
salts manifest in general the same properties as their respective 
potash compounds ; but the salts of soda mostly contain crystal 
water, which leaves the salts if thej are exposed to the air, and 
the salts effervesce. 

Ej exposing soda or its compounds upon a platinum wire to 
the blue flame, a reddish -yellow color is communicated to the 
exteroal flame, which appears as a long brilliant stream and 
considerably increased in volume. The presence of potash does 
not prevent this reaction of soda. If there is too large a 
quantity of potash, the flame near to the substance is violet- 
colored, but the edge of the flame exhibits the characteristic 
tint of the soda. The presence of lithia changes the yellow 
color to a shade of red. 

When alcoiiol is poured over powdered soda compounds and 
lighted, the flame exhibits a reddish-yellow color, particularly 
if the alcohol is stirred up with a glass rod, or if the alcohol is 
nearly consumed. 

Fused upon charcoal, soda compounds are absorbed by the 
coal. The sulphide, chloride, iodide, and bromide of soda 
yield a white sublimate around the Fpot where the ™bstance is 
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laid, but this sublimate if. not o c >piou9 as tbat of the pota'ih 
compouads, and disappears nhcn touched with the reduction 
flame, communicating a yellow tolor to t!ie external flame 
The presence of soda in compounds must likewise be confined 
bj- reactions in the wet way 

(c.) Ammonia, (JSfH'O) — In the fused ■itite and at ti 
usual temperature, ammoii a is a pungent gas ^nd cxe ti, 
reaction upon litmus paper similar to potash and snd 
Ammonium is considered by ccem ts as a mttal from th 
nature of its behayior with other sul atan es It has not b c 
isolated, hut its ezistence is now gcneiiily c nceied by all 
chemists. The ammonia salts are volatile an 1 many of tl m 
sublimate without hein^, decomp ed 

The salts of ammon a on be ng heated in the p int of the 
blue flame, produce a feeble green cslor m the external flame 
just previous to their being convertud into \apor. But tJiis 
color is scarcely visible, and presents nothing characteristic 
When the ammonia salts are m \ed v> ith the carbt natn of soda 
and heated in a glass tube closed at one end cirbonate of 
ammonia is sublimed which can be leadiiy reeogniz(,d by its 
penetrating mell of spiiit-s tf haitshom 

This sublimits will reuJer blue a slip of red litmus paper 
This can be easily done by miistemng the litmus papei and 
then mieiting the end of it in the tube By holding i ^lass 
rod nioisteupd with dilute hy Irochlonc acid, over the mouth 
of the tube a white vapor s instantly rendered Tisible (\\\ 
ammoniac) 

(d) JjiHn (LiO) — In the pure state, lithia is white ^nd 
erystallme, not easily soluble in watei, and does not ah'^nb 
moisture It chdiiges red litmus to blue, and at a low led 
heat.it melts Lithia. or its lalts exposed to thi' point of the 
blue flame, commumcites a red eolor to the external oi 
oxidation flame, m consequence of a reduLtinn, sublimation, 
and rp oxidation of the hthia An admixture of potash 
( oramun cites to thit, flame a rpddi^h violet mlor, and the 
)n rncp of soda thit of a yellonishred oi orange If the 



..Google 



114 



T II K B L 



f th 



ill i 



Boda, h w 

yellow h d tl 

static 1 t t 

tion fl m d tb 

now t th d t fl m til 

extcr I fl m bj th 1 th b m 

uble qttyfdbp t 

uppca wth th plio>j.h 1 f 1 th 

itself p th p p ty f r 

bloish 1 By t mb 

exhib t 



t p 1 t t Tb 



p 1 rtioD, thea its intense 

I the latter case the sub- 

p f ctly fused in the oxida^ 

tallow. By exposing it 

d color imparted to tiie 

ible, even if a considcr- 

A particular phenomenon 

z , the phosphoric acid 

n nicating to the flame a 

t on with lithia it still 

t t 1 wh I the latter presents like- 



ive a. gre 



nthe 



e of thL flame, while the n,d color of lithia si 
The silicates, which contain only a httle lithia, produce only 
a slight hue in the flame, and often none at all. We haTC to 
mix one part of the silicate with two parts of a mixture com- 
posed of one part of fluorspar and one and a half parts of bi- 
sulpbate of potassa. Moisten the mass with water so that the 
mass will adhere, and then melt it upon a platinum wire ia the 
redaction flame, when that of oxidation will present the red 
color of lithia. 

The Borates of lithia produce at first a green color, but 
it soon yields to the red of lithia When alcohol is poured 
over lithia or its compounds, and iBflamed, it burns with a deep 
red color, particularly if the fluid is stirred np with a glass rod, 
or when the alcohol is nearly consumed. This color presents 
the same modifications as the corresponding ones communicated 
to the blowpipe as 
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In the pure state the alkaline eaiths are caustic cause red 
litmus papei to become blue and are more ot les lolnble ia 

atei Their sulphides tie tiso 'ioluble The caii onates and 
] I osphatea of the alkaline eaithi are insoluble m vv »ter. By 
a itiug the caibinates their Cdrbomc acid is expelled and the 
alkaline earths are leit in the caustic state The alkilme earths 
1 e not volatile a d then o ^auc silts are eouveited by igni- 
lon into eaibonatp 

(a) Ba yta (BaO) — Ihis ilkahne eaith does not occur 
fee m nataie but combined with ac d partic ilarly with ear- 
Icaic and salphuiic acids In the puie state baryta is of 
I grejishwhit coloi piesents an eaithy «ii.i.eaian e and is 

ady powdered "When sparingly moistened with wtter, it 
hkes becomes heated and 'oims » dry Tvhite powdor With 
tdl more Tvater it foims a crystalline mass the hydrate of 
I lyta whch is eompletply soluble in hot witcr Pare 

I ta is infusible the hydrate fuses at a red heat without 
ti p loss of its hydratic 'ftatei it caustic btijta is exposed for 
t o great a length of ttnie to the flame it absorl s water origi- 

II ted by the combustion and becomes a hj Irate when it will 
Ut baits of baijta tormcl with most ic d' aie insoluble 

1 water for instance the saltii nith sulphir Lirbonic, 
d aemc phosphoiic and hoia ic acids The baits f iaryta, 
luble in water aie decomposed by ignition except the chlor- 
lie 

Carlonate of baryta lo es its uarb lie acid at a led heat, 
be omes caustic and cyJois red litmus paper blue 

Bj exposing b'iiyta oi its eon pounds ni.on a plitmum wire, 
ci 1 sjimter of the sul stance held with the f latin im tongs, to 
the point of the blue flame a [ ale api le-gi een color s commu- 
iicited to the exte i il flame 11 s color ajjears at first very 
I ale but <iOon becomes moie intense This culot i5 most visible 
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if the substance is oper itc 1 with in small quantit es The 
chloride of bariam piodaces the deepest cobr Th s cobi la 
less intense if the carboiiito or sulphate is useii The piesence 
of strontia lime or magnesia dtea not aufjresa the leaution of 
the baryta unless they gieatly predominate 

WheaaLohol is pom ed oyer barjtaorits salts ai i ii flamed 
a feeble green color k communicated to the llime but ths 
color should not be consideted a chaiicteiiatic of tie alt 

Baryta and its compounds give when fu ed with carb>nate 
of soda upon pUtinum foil a clear beal Fused with soda 
upon charcoal it is absoibeil The inlphite in es at hr^t to a 
clear bead which oohbj leads and is absoibed and Lonverted 
while boil ng tnt) i hepatic mass If tl s ma s is taken out 
placed upon a piece ot polished sdvei an I moi tencd with a 
little water a blaL.k spot of ulphide of 'idver is left after wash 
ing off the miss with water 

Borax diss Ires barj ta and its compounds with a hiss ng 
noise, as well in the fi«imc of oxidation as in tl at of leduction 
There is foimcd a clear bead which with a ccitnu lej,iee of 
saturation is char when cold 1 ut appeals milk white nhen 
overcharged and ot an opal enamel appcaiance when heated 
intermittmgly or with a vacillating flame that changes tre 
quently from the oxidating to the reducing flame Barjta and 
its compounds pro luce the same reactions with microcosmic salt 

Baryta and its compounds fuse when exposed to ignition in 
the oxidizing flame Moistened with the solution of n trate of 
cobalt, and heated m the ox lation flame it piesents a bead 
colored from brick re 1 to buvi according to the quantity 
used. Tils coloi di apjears when coll ind the bead falls to a 
pale gi-ey powdei alter being expo ed awhile to the air When 
heated af,ain the color does not appear until fu ion is effected 
If carbonate of soda is fused upon platinum wire with so much 
of the sesqu jxide ot manganese that a green bead is j rodnced 
this bead when fu ed with a sufBcient quant tj of baryta oi 
its compound aftei co 1 1 ^ nil ajjcir of a 1 lui h ^.lei'n cr 
light blue ctloL 
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(S.) Sfruntui (SrO). — Stroatia and its compnunils are ana- 
liigous to the respective ones of barjta. The hydrate of 
strontia has tlie same properties as the hydrate of baryta, 
es.cept that it is leas soluble in water. The carbonate of 
ttrootia fasefi a little at a red heat, swells, and bubbles up like 
eaulifiower. This prodaces, in the blowpipe Eame, an intense 
and splendid light, and now produces an alkaline reaction upon 
red litmus paper. The sulphate of strontia melts in the osida- 
dation flame npou platinum foil, or upon charcoal, to a milk- 
white globule. This fuses upon charcoal, spreads and is 
reduced to the sulphide, which is absorbed by the charcoal. 
It now produces the same reactions upon polished siiver as the 
sulphate of baryta under the same conditions. By exposing 
strontia and its cnmponnds upon platinum wure, or as a splinter 
with the platinum toTigs, to the point of the blue flame, the 
external flame appears of an intense crimson color. The deep- 
est red color is produced by the chloride of strontium, particu- 
larly at the first moment of applying the heat. After the salt 
is fused, the red color ceases to be visible in the flame, by 
which it is distinguished from the chloride of lithium. The car- 
bonate of strontia swefls up and prodaces a splendid white 
light, while the external flame is colored of a fine purple-red. 
The color produced by the sulphate of strontia is less intense. 
The presence of baryta destroys the reaction of the strontia, 
the flame presenting the light green color of the baryta. 

If alcohol is poured over powdered strontia and inflamed, 
the flame, appears purple or deep crimson, particularly if the 
fluid is stirred with a glass rod, and when the alcohol is nearly 
consumed. 

The insoluble salts of strontia do not produce a very intense 
color. Baryta does not prevent the reaction of the soluble 
salts of strontia, unless it exists greatly in excess. In the 
presence of baryta, strontia can be detected by the following 
process : mix some of the substance under examination with 
some pure graphite and water, by grinding in an agate mortar. 
Place the mixture upon charcoal, and expose it for a while to 
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the reduetioa flame. The substance becomes reduced to snl- 
pbide of barium aad sulphide of strontium, when it should be 
dissolved in hydrochloric acid. The Bolution should be erapo- 
rated to dryness, redissolved in a little water, and enough alco- 
hol added that a spirit of 80 per cent, is produced. Inflame 
the spirit, and if strontia is present, the flame is tinged of a 
red color. This color can be discerned more distinctly by 
moistening some cotton with this spirit and inflaming it. 

If strontia or its compounds are fused with a green bead of 
carbonate of soda and sesquioxide of manganese, as described 
under the head of baryta, a bead of a brown, brownish^reen, 
or dark grey color is produced. Carbonate of soda dees not 
disaolTe pure strontia. The carbonate and sulphate of strontia 
melt with soda upon platinum foil to a bead, which is milk- 
white when cold, but fnsed upon charcoal they are absorbed. 
Strontia or its compounds produce with borax, or mlcrooosmic 
salt, the same reactions as baryta. When they are moistened 
with uitrate of cobalt, and ignited in the oxidizing flame, a 
black, or grey infusible mass is produced. 

(c) Line 0-mdeof Calawm (OaOj — Lime does not occur 
fiee in nature but in combinatioa with acidi chieHy the cir 
bonic and sulphnnc The phosphate occurs pi nc pally in 
lonef The hydrate and the aalta of lime are in thei pro 
peitei sraildi ta thcie ot the two preceding alkahno ei th 
In the pure state the oxido of calc nm i*) white it slaketj 
produces a high temperature and falls into a white powder 
when eprmUei with a bttle water It k hjw a hvdrate 
and has greatly mcretsed in Tolume The hydrate of lime 
K far less soluble m water than eifhei those of bai^ta oi 
strontia and is less soluble m hot mater than in cold L d e 
its hydrtte and sulphide of calcium have a stroi g alkaline 
reaction upon red litmus paper Lune and its hydrate are 
]nfu-> ble but pr jduce at a strong led heat a veiy intense ai d 
splendd white Ight whfle the hyhate Io';ea it water The 
carbj ito of Jne is al o mfu He 1 it it a red heat the 
cirbcii a d 1^ exjelied an! tie le die 1 fc mes i"iust i. 
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appears whiter, and produces an intenscr ligtt. The Bulphate 
of lime melts with difficalty, and presents the appearance of an 
enataelled mass when cold. By heating it upoH charcoal it 
fuses in the reducing flame, and is reduced to a sulphide. This 
has a strnng hepatic odor, and exerts an alkaline reaction npon 
red litmus paper. By espoting llrae, or its compounds, upon 
platinum wire — or as a small sjiUnter of the mineral in the 
platinum tongs — to the point of the blue flame, a purple color, 
similai to that of lithia and strontia, is communicated to the 
external flame, but this color is not so intense aa that produced 
by strontia, and appears mixed with a slight tinge of yel- 
low This color is modt intense with the chloride of calcium, 
whde the carbonate of hme produces at first a yellowish color, 
which becomes red, after the expulsion of the carbonic acid. 
Sulphate of lime prodnces the same color, but not so intense. 
Among the silicates of lime only the tablespar (SCaO, 
2SiO') produces a red color. Fluorspar (CaFl) produces a 
red as intense as pure lime, and fuses into a bead. Phosphate 
and borate of lime produce a green flame which is only charac- 
teristic of their acids. The presence of baryta communicates 
a green color to the flame. The presence of soda produces 
only a yellow color in the external flame. 

If alcohol is poured over lime or its compounds and inflamed, 
a red color is communicated to the flame. The presence of 
baryta or soda prevents this reaction. Lime and its compounds 
do not dissolve much by fusion with carbonate of soda. If this 
fusion is effected on charcoal, the carbonate of soda is absorbed^ 
and the Mme remains as a half-globular infusible mass on the char- 
coal. This is what distinguishes lime from baryta and strontia, 
and is a good method of separating the former from the latter. 
Lime and its compounds fuse with borax in the oxidizing and 
reducing flames to a clear bead, which remains clear when 
cold, but when overcharged with an excess or heated intermit, 
tlugly, the bead appears, when cold, crystalline and uncyen, and 
is not so milk-white as the bead of baryta or strontia, produced 
under the same circumstances. The carbonate of lime is dis- 
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solved with a peculiar hissing noise. Microcosmic salt d 
a large quantity of lime into a clear bead, which is milky 
vrhen cold. When the bead has been overcharged with lime, 
by a less excess, or by ao intermittent flarae, we will perceive in 
the bead, when cold, fine crystals in the form of needles. Lime 
and its compounds form by ignition with nitrate of cobalt, a 
black or greyish-black infasible mass, 

(d.) Magnesia (MgO). — Magnesia occurs in nature in seve- 
ral minerals. It exists in considerable qnantity combined with 
carbonic, sniphuric, phosphoric, and silicic acids, etc. Magnesia 
and its hydrate are white and very voluminous, scarcely soluble 
in hot or cold water, and restores moistened red litmns paper 
to its original blue color. Magnesia and its hydrate are 
infusible, the latter losii^ its water by ignition. The carbonate 
of magaesia is infusible, loses its carbonic acid at a red heat, 
and shrinks a little. It now exerts upon red litmus paper an 
alkaline reaction. The sulphate of magnesia, at a red heat, 
loses its v^ater and sulphuric acid, is entirely infusible, and 
gives now an alkaline reaction. The artificial Astrachanit 
(NaO SO'-i-MgO SO'-hiHO) fuses easily When fused on 
char oal the g eate p'irt of the Iphate of boda is ab o be 1 
anl tl e reman -in nfui ble ro^s 

Mai^ne a a d t cumponnds do not produce any c lo m tl e 
external flame when heated n tl e j o nt of the He flame 
The most of tl e magce a m nerals y eld some wat r wi n 
heited n a glas t 1 e clo ed at one nd 

Magnes a n tl e pn btdte o is the hydrate does not fu e 
TV th oda Some of t compoun 1 are nft s ble 1 ke v e n tl 
so la a 1 swell up il ghtly wh le others of th m melt w tli 
soda to a si ghtly opaque maas feome few (such as tlie borate 
of ma^jUes a) give a clea bead w th &oda though t becomes 
fc] ghtly turb d I j cool ng when saturated w th magnes a and 
c ystall ze& large facets 

Magne a and ts compounds g ve be d w th I orix ind 
m rocosm salt s m lar to those of 1 me By ^n t ng mag 
n 1 r t eon 1 n 1 V rj stron;,!? tb x 1 z g flam 
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moistening with nitrate of cobalt, and re-igniting in the 
oxidation flame, they present, after si contiBued blowiag, a pale 
flesh-eolor, which is more visible when cold. It is indiapeosa- 
bie that the magnesia eomponnds should be completely white and 
free of colored substances, or the color referred to cannot be 
discerned. In general the reactions of magnesia before the 
blowpipe are not snfBcient, and it will be necessary to confirm 
ita presence or absence by aid of reagents applied in the wet 
way. 



THIRD GBOUP. THE EARTHS, ALUMINA, GLUCIKA, YTTRTA, 



The substances ot this group are dieting ushed from the pre 
ceding by their insolubihty m water in their [ure or hjdrated 
Btite — that they hare no alkaline reaction upon htmns paper, 
nor form salts with carbouii, acid Ihe eirths are not volatile, 
and in the pure state are infusible Thej cannot be reduced 
to the metiUic state before the blowpipe The organic salts 
are destroyed by ignition while the earths are left m the pure 
state misfcd with charcoal from the oiganic acids The most 
of then neutral salts ire insoluble in water, tie folubk neutral 
salts change blue litmus papti to red and kse their acids when 
Ignited 

{a ) Ahmtita (Al'O') —This earth is one of our most i,om- 
mon minerals It occurs free in nature in many minerals as 
sapphire etc , or m combination with sulphuric acid phos- 
phoric acid and fluorine and chiefly silicates Pure alum 
ma IS a white cijstallme powdei or yellowish white, and 
amorphous when produttd by drjmg the hydrate separated 
chemically from its silts ynmina is quite unalterable m the 
fire, the hjdrate however losing its water at a low led heat 
The neutral salts of alumina with most acids aie insoluble m 
water Those soluble in it hive an acid reaction upon litmus 
paper, changing the blue into red 
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The sulphates of alumina elimioate water when heated in a 
glass tube closed at one end. By igoitioD, sulphurous acid 
(SO') is given olF, which can be recognized by its smell, and 
by its acid reaction upon blue litmus paper, when a small strip 
of it moistened is brought withi a the orifice of the tube; an 
infusible residne is left in tbe tube. 

The greater part of tbe alumina compounds give off water 
with heat; the most of them are also infusible, except a few 
phosphates aud silicates. 

Pure alumina does not fuse with carbonate of soda. The 
Ealphates, when exposed upon charcoal with soda to the reduc- 
ing flame, leave a hepatic residue. The phosphates melt with 
fi Uttle soda, with a hissing noise, to a semi-transparent mass, 
bat thej are infusible with the addition of soda, and give only 
a tough mass. This is the case, likewise, with the silicates of 
alumina. Fluoride of aluminium melts with carbonate of soda to 
a clear bead, spreads by cooling, and appears then milk-white. 
Borax dissolves the alumina compounds slowly in the oxidizinj^ 
and reducmg flames to a clear bead, which is also clear when 
cold, or heated intermittmgly with a vacillating flame. The 
bead is tnibid, as well m the heat as the cold, when an excess 
of alumina is present When the alumina compound is added 
to excess in the powdered form, the bead appears crystalline 
upon cooling, and melts again with great difficulty. 

Alumina and its compounds are slowly dissolved in the 
microcosmic salt to a bead, clear in both flames, and when hot 
or cold. When alumina is added to excess, the undissolved 
portion appears semi-transparent. Alumina melts with bisnl- 
phate of potash into a mass soluble in water. When the pow- 
dered alumina compounds are strongly ignited in the oxidizuig 
ftame, then moistened with nitrate of cobalt, and re-ignited 
in the oxidizing flame, an infusible mass is left, which appears, 
when cooled, of an Intense blue color. The presence of colored 
metallic oxides, in considerable quantity, will alter or suppress 
this reaction. The silicates of the alkalies produce, in a very 
strong heat, or continued heat, with nitrate of cobalt, a pale 
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blue color. The blue color produced by alumina is ODiy dis- 
tinctlj Tisible by daylight; by candle-light it appears of a dirty 
violet color. 

(6.) Gludna. (G'O'). — Glacina ooly occura iu a few rare 
mtnerak, in combination with silica and alumina. It is white 
and insoluble in the pure state, and its properties generally are 
similar to those of alumina. The most of its compounds are 
infusible, and yield water by distillation. Carbonate of soda 
does not dissolve glueina by ignition. Silicate of glucina melts 
with carbonate of soda to a colorless globule. Borax and 
microcosmic salt dissolve glucina and its compounds to a color- 
less bead which, when overcharged with glucina, or heated with 
the intermittent flame appears, after cooling, turbid or milk- 
white. Glucina yields, by ignition with nitrate of cobalt, e, 
black, or dark grey infusible mass. 

(c) YUiia (TO) occurs only in a few rare minerals, and 
usually in company with terbium and erbium. Its reactions 
before the blon-pipe are similar to the preceding, but for its 
detection in compounds it will be necessary to resort to analy- 
sis in tlie wet way. 

{d.) Zirconia (Zr'O'). — This substance resembles alumina 
in appearance, though it occurs only in a few rare minerals. 
It is in the pure state infusible, and at a red heat produces such 
a splendid and vivid white light that the eyes can scarcely 
endure it. Its other reactions before the blowpipe are analo- 
gous to glucina. Microcosmic salt does not dissolve so much 
zirconia as glucina, and is more prone to give a turbid bead, 
Zirconia yields with nitrate of cobalt, when ignited, an infusible 
black mass. To recognize zirconia in compounds we must resort 
to fluid analysis. 

(e.) Thonna (ThO).— This is the rarest among the rare 
minerals. In the pure state it is white and infusible, and will 
not melt with the carbonate of soda. Borax dissolves thorina 
slowly to a colorless, transparent bead, which will remain so 
when heated with the intermittent flame. If overcharged with 
the thorina, the bead presents, on cooling, a milliy hue. Micro- 
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cosmic salt dissolves the thorina very tardily. By ignition 
with nitrate of cobalt, thorina is converted into aa infodblo 
black mass. 



FOTntTH GROUP. CEBIBM, 1-ANTHANirH, DIDTMHIH, COLUMBIUM, KIO- 

EIUII, PBLOPIOM, TITANIUM, URANIUM, VANADICiW, CHKOMIUM, 
MANGANESE. 

Tlio substances of this group cannot he reduced to the 
metallic state, neither by heating them per se, nor by fusing 
them with reagents. They give by fusion with borax or micro- 
cosmic salt, colored beads, while the preceding groups give 
colorless beads. 

(a.) Cerium (Ce).— This metal occurs ia the oxidated state 
in a few rare minerals, and is associated with lanthaninm and 
didyminra, combined with fluorine, phosphoric acid, carbonic 
acid, silica, etc. When reduced artificially, it forms & grey 
metallic jiowder. 

(a.) Protoxidt of Cerium (CeO).— It ejdsts in the pare state 
as the hydrate, and is of a white color. It soon oxidizes and 
becomes yellow, when placed in contact with the air. When 
heated in the oxidation flame, it ia converted into the sesqui- 
oxide, and then is changed into light brick-red color. In the 
oxidation flame it is dissolved by borax into a clear bead, which 
appears of an orange or red while hot, but becomes yellow 
upon cooling. When highly saturated with the metal, or when 
heated with a fluctuating flame, the bead appears enamelled aa 
when cold. In the reduction flame it ia dissolved by borax to 
a clear yellow bead, which is colorless when cold. If too much 
of tlie metal exists in the bead, it then appears enamelled when 
cooled. 

Microcosmic salt dissolves it, in the oxidation flame, to a, 
clear bead, which is colored dark yellow or orange, but loses 
its color when cold. In the reduction flams the bead is color- 
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less when either hot or cold. Evea if highly saturated with 
the metal, the bead remains colorless when cold. By fusing it 
with carbonate of soda upon charcoal iu the reduction flame, 
the soda is absorbed by the charcoal, while the protoxide of 
the metal remains as a light grey powder. 

(B.) Sesqitioxide of Cerium (Ce'O'). — ^This oxide, in the 
pure state, is a red powder. When heated with hydrochloric 
acid, it produces chlorine gas, and is dissolved to a salt of the 
protoxide. It is not affected by either the flame of oxidation 
or of reduction; when fused with borax or microcosmic salt, it 
acts like the protoxide. It does not fuse with soda upon char- 
coal. In the reduction flame it is reduced to the protoxide, 
which remains of a light grey color, while the soda is absorbed 
by the charcoal. 

{b.) Lanthamum (La.) — -This metal is invariably associated 
with cerium. It presents, in its metallic state, a dark grey 
powder, which by compression acquires the metallic lustre. 

The oxidt of lamthamum (LaO) is white, and its salts are 
colorless. Heated upon charcoal, it does not change either in 
the oxidation flame or that of reduction. With borax, in the 
flame of oxidation or redaction, it gives a clear colorless bead. 
This bead, if saturated, and when hot, presents a yellow appear- 
ance, but is clouded or enamelled when cold. With microcos- 
mic salt the same appearance ia indicated. It does not fuse 
with carbonate of soda, but the soda is absorbed by the char- 
coal, while the oxide remains of a grey color. 

(c.) DUymmm (D). — This metal occurs only in combination 
with the preceding ones, and it is therefore, like them, a rare 

Oxide of Didymium (DO), — This oxide is of a brown color, 
while its salts present a reddish-violet or amethyst color. The 
oxide is infusible in the oxidation flame, and in that of reduc- 
tion it loses its brown color and changes to grey. With borax 
in the oxidation flame, it fuses to a clear dark red or violet 
bead, which retains its clearness when highly saturated with 
the oxide, or if heated with a fluctuating flame. 
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The reactions with mierocosmic salt are the same as with 
borax. 

It does not melt with carbonate of soda upon charcoal, but 
the oxide remains with a grey color, while the soda is absorbed 
by the charcoal. 

(d.) ColnmUnm, (Tantalum — Ta). — This rare metal occurs 
quite sparingly in the minerals lantaUte, yllrolantaJite, etc., as 
columbic acid. In the metallic state, it presents the appear- 
once of a black powder, which, when compressed, exhibits the 
metallic lustre. When heated in tlie air it is oxidized into 
columbic acid, and is only soluble in hydroluoric acid, yielding 
hydrogen. It is oxidized by fusion with carbonate of soda or 
potash. 

Cdumhie Acid (Ta'O") is a white powder, and is infusi- 
ble. When heated in the flame of oxidation or reduction, it 
appears of a light yellow while hot, bat becomes colorless when 
cold. With borax, in the flames of oxidation and redaction, it 
fuses to a clear bead, which appears by a certain degree of 
saturation, of a yellow color so long as it continues hot, hut 
becomes colorless when cold. If overcharged, or heated with 
an intermittent flame, it presents an enamel white when cool 

It melts with mierocosmic salt quite readily in both of the 
flames, to a clear bead, which appears, if a considerable quan- 
tity of columbic acid be present, of a yellow color while hiit, 
hut colorless when cold, and does not become clondod if the 
intermittent flame be applied to it. 

With carbonate of soda it fuses with effervescence to a bead 
which spreads over the charcoal. Melted with more soda, it 
becomes absorbed by the charcoal. 

It yields, moistened with a solution of nitrate of cobalt, and 
exposed to the oxidation flame after continued blowing, an infu- 
sible mass, presenting while hot a light grey color, but after 
being cooled that of a light red, similar to the color presented 
by magnesia under the same circumstances. But if there be 
some alkali mixed with it, a fusion at the edges will be mani- 
fest, and it will yield by cooling a bluisb-blaek mass. 
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(e.) Niobium (Ni). — This metal occurs as niobic acid in 
columbite (tantalite). Slobic acid is in its properties similar to 
columbic acid. It is white and infusible. By heating it either 
iu the flaraes of reduction or oxidation, it presents as long as it 
continues hot, a greenish-yellow color, but becomes white when 
cool. Borax disaolyea it in the oxidation flame quite readily to 
a clear bead, which, with a considerable quantity of niobic acid, 
is yellow when hot, but transparent and colorless when cold. 
A saturated bead is clear when either hot or cold, but becomes 
opaque when heated intermittingly. 

In the flame of reduction, borax is capable of dissolving more 
of the niobic aciil, so that a head oTcrcharged and opaque in 
the oxidation flame appears quite clear when heated in the 
flame of redaction, A bead overcharged in the flame of reduc- 
tion, appears by cooling dim and bluish-grej. 

Mierocosmic salt dissolves iu the flame of oxidation a great 
quantity of it to a clear bead, which is yellow while hot, but 
colorless when cold. 

Iu the flame of reduction, and in presence of a considerable 
quantity of niobic acid, the bead appears while hot of a light 
dirty blue color, and when cold, of a violet hue ; bnt by the 
addition of more niobic add, tiie bead, when hot, is of a dirty 
dark blue color, and when cold, of a transparent bine. In the 
presence of the oxides of iron, the bead is, while hot, of a 
brownish-red color, but changing when cool to a dark yellow. 

This acid fuses with aii equal qnantity of carbonate of soda 
upon charcoal, to a bead which spreads very quickly, and is 
then infusible. When fused with still more soda, it is absorbed. 

When moistened with nitrate of cobalt, and heated in the 
flame of oxidation, it yields an infusible mass which appears 
grey when hot, and dirty green when cold ; but if the heat has 
been too strong, it is fused a little at the edges, whicb present 
a dark bluish-grey color. 

Pdopium (Fe), — This metal occurs as an acid in the mineral 
columbite (tantaiite), and ia very similar to the two preceding 
metals. 
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(/.) rdopk Acid (PeO'),— This acid is white, aud appears 
yellow when heated, but resumes ite white color when cold. 
Borax dissolres it in the oxidation flame to a clear colorless 
bead, which appears, wlien overcharged and heated intermits 
tingly, emanel-white when cold. This is likewise the case in 
the flame of reduction, but when overcharged the color is light 
grey, when the bead is cooled. 

Microcosmic salt dissolves it in the flame of oxidation, to a 
clear yellow bead, wMch loses ite color when cold. In the 
reduction flame, when the bead is highly saturated, a yiolet- 
browQ color is produced. Iq presence of the osides of iron, the 
reactions are like those of nioliie acid. With carbonate of 
Eoda, the reactions are similar to those of niobic acid. By 
heating with, nitrate of cobalt, it yields a light grey infusible 
mass. 

(g.) T^ianitm (Ti). — This metal occurs occasionally in the 
slf^s of iron works, in the metallic state, as small cubical crys- 
tals of a red color. It is a very hard metal, and very infusible. 
Titanic acid occurs in nature crystallized in atiatase, arkansiti, 
brookke, and rutHe. Titanium is harder than agate, entirely 
infusible, and loses only a little of its lustre, wMeh can be 
regained by fusion with borax. It does not melt with carbon- 
ate of soda, borax, or microcosmic salt, and is insoluble in every 
acid except the hydrofluoric. By ignition with saltpetre it is 
converted into titanic acid, which combines with the potassium, 
forming the titanate of potassium. 

Titamc Add (TiO") ia white, insoluble, and, when heated, 
it appears yellow while hot, but resumes upon cooling its white 
color. 

Borax dissolves it in the oxidation flame to a clear yellow 
bead, which when cool is colorless. When overcharged, or 
heated with the intermitting flame, it is enamel-white after 
being cooled. In the reduction flame, the bead appears 
yellow, if the acid exists in small quantity, but if more be 
added, then it is of aa orange, or dark yellow, or even brown. 
The saturated bead, when heated intermittingly, appears when 
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cold of an CDamelled blue. By aridition of the acid, and by 
heating the bead on charcoal in tlie reduction flame, it becomes 
dark yellow while hot, bnt dark blue, or black and opaqae 
when cold. This bead appears, wlien heated intermittingly, 
of a light blue, and when cold, enamelled. 

Microcosmic salt fuses with it in the oxidation flame to a 
clear colorless Ijead, which appears yellow only in the presence 
of a quantity of titanic acid, though by cooling it loses its 
color. In the redaction flame this bead exhibits a yellow color 
when hot, bnt is red while cooling, and when cold of a beauti- 
ful blnish-yiolet. If the bead is overcharged, the color becomes 
BO dark that the bead appears opaque, though not presenting 
an enamel appearance. By heating the bead again in the oxi- 
dation flame the color disappears. The addition of some tin 
promotes the redaction. If the titanic acid contains oxido 
of iron, or if some is added, the bead appears, when cold, 
brownish-yellow, or brownish-red. 

By fusion with carbonate of soda, titanic acid is dissolved 
with cfferyescence to a clear dark jellow bead, which crystal- 
iizes by cooling, whereby so much heat is eliminated, that the 
bead, at the instant of its crystallization, glows with great 
brightness. A reduction to a metal cannot, however, be 
effected. By ignition with a solution of nitrate of cobalt 
in the oxidation flame, it yields an infusible yellowish-green mass. 

(A.) Uranium (U). — This rare metal occurs in the form of 
protoxide along with other oxides, in the mineral pitch-blende; 
as peroxide in nranite and wavrmica, associated with phos- 
phoric acid and lime. 

la the metallic state it presents the appearance of a dark 
grey mass, which is infusible, and remains nnchu.nged when 
under water, or when exposed to dry air, bnt, when heated in 
the oxidation fiame, it becomes oxidized, with lively sparkling, 
to a dark green mass, composed of the protoxide and peroxide. 

The protoxide of iiranium (UO) is black, un crystalline, or 
forms a brown powder. When exposed to heat it is converted 
partially into peroxide, when it has a dark green color. 
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The jieroxide, of urarnvm (U'O') is of an orange color, 
while its hydrate is of a fine yellow color, and iu the form of a 
powder. The salts are yellow. 

By heating it in the oxidation flame, it acquires a dark green 
color, and ia partly reduced to protoxide. In the reduction 
iiame it presents a black appearance, and is there completely 
reduced to protoxide. 

Borax dissolres it in tie oxidation flame to a clear dark yel 
low bead, which is colorless when cold, if the metal is not pre- 
sent in great quantity. If more of the metal, or peroxide, be 
added, the bead changes to orange when hot, and light yel- 
low when cold. When heated with the intermittent flame, 
it requires a large quantity of the peroxide to produce an 
enamel appearance in the cooled bead. 

In the flame of reduction the bead becomes of a dirty green 
color, being partly reduced to protoxide, and appears, with- a 
certain degree of saturation, black, when heated intermittingly, 
but never enamelled. The bead appears on charcoal, and with 
the addition of tin, of a dark green color. 

It fuses with microcosmic salt in the oxidation flame to a 
clear yellow bead, which is greenish-yellow when cold. In the 
reduction flame it produces a beautiful green bead, whicli 
increases when cold. 

When fused upon charcoal with the addition of tin, its color 
is darker. Carbonate of soda does not dissolve it, although 
with a yery small portion of soda it gives indications of fusion, 
but with still more of the soda it forms a yellow, or light-brown 
mass, which is absorbed by the charcoal, but it is not reduced 
to the metallic state. 

(t.) Yanadiam (V). — This very rare mineral is found in 
small quantity in iron-ores, in Sweden, and as vauadic acid in 
a few rare minerals. The metal presents the appearance of an 
iron-grey powder, and sometimes that of a silver-white mass. 
It is not oxidized either by air or water, and is infusible. 

Yimadic Add (VO") fuses upon platinum foil to a deep 
orange liquid, which becomes cryHtalline after cooling. When 
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fused upon charcoal, one part of it is absorbed, while the rest 
remains upon the charcoal and is reduced to protoxide similar 
in appearance to graphite. 

A email portion of it fuses with boi-ax in the oxidation flame 
to a clear colorless bead, which appears, with the addition of 
more vanadic acid, of a yellow color, but changes to green 
when cold. 

In the reduction flame the bead is brown while hot, but 
changes, upon cooling, to a beautiful sapphire-green. At 
the moment of crystallization, and at a degree of heat by 
which at daylight no glowing of the heated mass is visible 
it begins to glow again. The glow spreads from the periphery 
to the centre of the mass, and is caused by the heat liberated 
by the sudden crystallization of the mass. It now exhibits an 
orange color, and is composed of needle crystals in a compact 

Microcoamie salt and vanadic acid fuse in the oxidation 
Bame to a dark yellow bead which, upon cooling, loses much 
of its color. 

In the reduction flame the bead is brown whUe hot, but, 
upon cooling, acquires a beautiful green color. 

Vanadic acid fuses with carbonate of soda npon charcoal, 
and is absorbed. 

(k.) Chromium (Cr) occurs in the metallic state only in 
a very small quantity in meteoric iron, but is frequently found 
in union with oxygen, as oxide in chrome iron ore, aad as 
chromic acid in some lead ores. 

In the metallic state it is of a light grey color, with but 
little metallic lustre, rery hard, and not very fusible. Acids 
do not act upon it, except the hydrofluoric; fused with nitre, 
it forms chromate of potassa. It is unaltered in the blowpipe 

Sesquioxide of Chrommm (Cr^O') — This oxide forms black 
crystals of great hardness, and is sometimes seen as a green 
powder. Its hydrate (Cr'O' + fiHO) i=! of a bluish-grey 
color. It forms with acids two ch-is of isomeric salts, some 
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of which are of a green color, and the others vlulet-red or ame- 
thyst. The neutral and solnble salts have in acid leaction 
upon blue litmus paper, and are deeompo'ed by ignition 

Sesquioxide of chromium in the oxidation and reduetun 
flames ia unchangable. When exposed to tieat the hydrate 
loses its water, and gives a peculiarly beautiful flame In the 
oxidation flame boras dissolves the sesqnioxide of chromium 
slowly to a yellow bead (chromic acid) whidi is yellowish green 
when cold. Upon the addition of more of the oxidt, the bead is 
dark red while hot, but changes to green as it liecoms cold 

In the reduction, flame tlie bead is of a beautiful green color, 
both while hot and when cold. It ia here distiuguished from 
vanadic acid, which gives a brownish or yellow bead while hot. 

With microcosmic salt it fuses in the oxidation flame to a 
clear yellow bead, which appears, as it cools, of a dirty-green, 
color, but upon being cool is of a fine green color. If there be 
a superabundance of the oxide, so that the microcosmic salt 
canaot dissolve it, the bead swells up, and is converted into a 
foamy mass, in consequence of the development of gases. 

In the reduction flame it fusee to a fine green bead. The 
addition of a little tin renders the green still deeper. 

Sesqnioxide of chromium fuses with carbonate of soda upon 
platinum foil to a brown or yellow bead, which, upon coollug, 
appears of a lighter color and transparent (chromate of 
sodium). 

When fused with soda upon charcoal, the soda is absorbed, 
and the green oxide ia left upon it, but is never reduced to the 
metallic state. 

Chromic Add (CrO') crystallizes in the form of deep ruby 
red needles. It is decomposed into sesquioxide and oxygen 
when heated. This decomposition is attended with a very 
lively emission of light, but this is not the case if the chromic 
acid has been attained by the cooperation of an aqueous solu- 
tion, nnless the reduction is effected in the vapor of ammouia. 
Before the blowpipe chromic acid produces the same reactions 
as the sesquioxide. 
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(I.) MattganesA (Mn). — Tliis metal oocurs in considerable 
abuadance, principally as oxides, less frequently as salts, and 
sometimes in combination with sulphur and arseoic. It is found 
in plants, and passes with them into the animal body. In the 
metallic state, it ia found frequently in cast iron and steel. It 
is a hard, brittle metal, fusible with difficulty, and of a liglit 
grey color. It tarnishes upon exposure to the air and under 
^i-ater, and falls into a powder. 

Protoxide, of Manganese exists as a green powder ; as hydrate 
separated by caustic alkalies, it is white, but oxidizes very 
speedily upon exposure to the air. The protoxide is the base 
of the salts of manganese. These salts, which are soluble in 
water, are decomposed when heated in the presence of the air — 
except the sulphate (MnO, SO'), but if the latter is ex- 
posed to ignition for awhile, it then ceases to be soluble ia 
water, or at least only sparingly so. 

SesqviojMe, of Manganese (Mn'O') Occurs very spar- 
ingly in nature as small black crystals {BTawnite) which give, 
when ground, a brown powder. When prepared by chemical 
process, it is in the form of a black powder. The hydrate 
occurs sometimes in nature as black crystals {manganiU). By 
digestion with acids, it ia dissolved into salts of the protoxide. 
With hydrochloric acid, it yields chlorine. 

The grot-sesguioxitk of manganese (MnO-FMn'O') occurs 
sometimes in black crystals {kausmannite) . Prepared artifi- 
cially, it is in the form of a b p d 

Peroxide of Manganese (MO) siderable 

abundance as a soft black a pi us y t ilized as 

pyrolusite, also reniform and fil It d [ d f a part 

of its oxygen when exposed t t It Im t a consi- 

derable quantity of chlorine f m hyd hi d, and is 

thereby converted into chlori 1 f m (^CIM ) 

Most of the manganese c mp d wh h n nature 

yield water when heated ^1 t b 1 J at one 

end. The sesqiiioxidc and peroxide give out oxygen when 
strongly heated, which can be readily detected by I lie 
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increased glow wMch it cansca, if a piece of lighted wood or 
paper is brought to the mouth of the tube. The residue left in 
the tube is a brown mass (MuO + Mn'O'). 

When exposed to ignition with free access of air, all man- 
ganese oxides are converted into (MnO + Mn'O^), but with, 
ont fusion. Such, at least, is the statement of some of the 
German chemists, although it wii! admit perhaps of further 
investigation. 

Manganese oxides fuse with borax in the oxidation flame to 
a clear and intensely colored bead, of a violet Ime while hot, 
but changing to red as it cools. If a considerable quantity of 
the oxide is added, the bead acquires a color so dark as to 
become opaqne. If such be the case, we have to press it flat, 
by which its proper color will become manifest. 

In the reductioQ flame the bead is colorless. A very dark 
colored bead must be fused upon charcoal with the addition of 
some tin. The bead must be cooled very suddenly, for if ifc 
cools too slowly, it then has time to oxidize again. This may 
be effected by pushing it off the platinum wire, or the charcoal, 
and pressing it flat with the forceps. 

The oxides of manganese fi;se with microcosmic salt in the 
oxidation flame, to a clear brownish-violet bead, wbieh appears 
reddish-violet while cooling. This bead does not become 
opaque when overcharged with manganese. As long as it 
is kept in fusion a continued boiling or effervescence takes 
place, produced by the expulsion of oxygen, in consequence of 
the fact that the microcosmic salt cannot dissolve much sesqni- 
oxide, while the rest is reduced to protoxide, is re-oxidated, and 
instantly again reduced. If the manganese is present in such a 
minute quantity as not to perceptibly tinge the bead, the color 
may be made to appear by the contact of a crystal of nitre 
while hot. The bead foams up upon the addition of the nitre, 
and the foam appears, after cooling, of a rose-red or violet 
color. In the reduction flame the head sometimes becomes 



The oxides of manganese fuse with carbonate of soda upon 
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platinum foil or wire, to a clear green bead, which appears 
bluish^eea and partially opaque when cold (manganate of 
soda NaO + MnO'). A very minute trace of manganese 
will produce this green color. The oxides of manganese can- 
not be reduced upon charcoal with carbonate of soda before 
the blowpipe. The soda ia absorbed, and (MnO+Mn'O') 
ia left. 

GROUP rlBTH, IRON, COBALT, NICKEL. 

The oxides of this group are reduced to the metallic state 
when fused with carbonate of soda upon charcoal in the redac- 
tion flame. Metals when thus reduced form powders, are not 
fusible or volatile in the blowpipe flame, but they are attracted 
by the magnet. 

Furthermore, these oxides are not dissolved by carbon- 
ate of soda in the oxidation flame, but they produce colored 
beads with borax and mierocosmic salt. 

(a.) Irim. — It occurs in great abundance in nature. It is 
found in several places in America in the metallic state, and it 
likewise occurs in the same state in meteors. It occurs chiefly 
as the oxide (red hematite, brown hematite, magnetic oxide, 
etc.), and frequently in combination with sulphur. Iron also 
forms a constituent of the blood. 

Metallic iron is of a grey color, and presents the metallic 
lustre vividly when polished. It is very ductile, malleable, and 
tenacious. It is very hard at common temperatures, but soft 
and yielding at a red heat. 

In dry and cold air, irou does not oxidize, but when the air 
is dry and moist, it oxidizes rapidly. This likewise takes place 
with great rapidity when the metal is heated to redness. 
When submitted to a white heat iron bums with brilliant 
scintillations. 

Protoxide of Iron (FeO). — This oxide does not occur pure 
in nature, but in union with the peroxide of iron and other 
substances. It presents the form of a black powder, and has 
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some metallic lustre, is brittle, and fusea at a high tempera- 
ture to a vitreous looking mass. It is attracted bj the magnet, 
aiid of course is susceptible of becoming magnetic itself. It 
forms with water a hydrate, bat this passes so rapidly into a 
state of higher oxidation, that it is difficult to keep it ia the 
pure state. 

Mngnelie Oxide of Iron {FeO + Fe'O').— This peculiar 
oxide ia of a dark color, and is magnetic, so that tacks or 
small nails adhere to it when brought in contact with it. It is 
the variety of the oxide termed " loadstone." It is found fre- 
quently crystallized iu octahedrons in Scandinavia and other 
places. Magnetic oxide of iron is produced when red-hot iron 
is hajnmered. 

Sesquioxide of Iron (Fe'O'). — This oxide is found native in 
great abundance as red hematite and specular iron, crystallized 
in the rhombic form. In the crystalline state it is of a blackish- 
grey color, and possessed of the metallic lustre. When pow- 
dered, it forms a brownish-i'ed mass. When artificially prepared, 
it presents the appearance of a blood-red powder. It ia not 
magnetic, and has less afSnity for acids than the protoxide. 
Its hydrate is found natire as brown hematite. 

By exposing the peroxide of iron to the oxidation flame, it is 
not acted upon, but in the reduction ftame it becomes reduced 
to the magnetic oxide. 

The oxides of iron are dissolved by borax in the oxidation 
flame to a clear dark-yellow or dark-red bead, which appears 
lighter while cooling, and yellowish when cold. In the presence 
of a very small quantity of iron, the bead appears colorless 
when cold. If the iron is increased, the bead is opaque while 
cooling, and of a dirty dark-yellow color when cold. In the 
reduction flame, and fused npon platinum wire, the bead 
appears dark green (FeO + Pe'O'). By the addition of 
some tin, and fused upon charcoal, the bead appears bluish- 
green, or not unlike that of sulphate of iron. 

Wicrocosmic salt dissolves the oxides of iron in the oxidation 
flame to a clear bead, which, bv the addition of a considerable 
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quantity of iron, be m f 1 h 1 h t b t 

gets lighter wliile c 1 g p ng fi llj a g h hu 

and gradually becora 1 gb 1 11 wh lit I 1 ss 

If the iron is increa dthh hadp tadk d 1 
but while cooling ab lidwlhh tadiy 

greeii, and, when cold tobwhdl Thd 
of the color during th t t f m tl 1 1 1 th Id t t 
IS still greater in the betid formed by the microcobmie salt 

In the reduction flame no chtnge is visiUe if the quantity of 
iron be small By the addition of moie iion the hot bead 
appeals red and wliile tooling changes to yellow then green 
and when cold is ot a dull red By fusmg the bead on char 
coal with a small addition of tm it exhibits while cooling a 
bluish green color but when cold is colorleis 

The oxides of iron are not d asolved in the oxidation flame 
by fusion with caibonate of soda By ignition with soda upon 
charcoal in the redui-tion flame they are absorbed and reduced 
to the metallic state Cut out this portion of the charcoal 
grind it with the additioa of some water m an agate mortar 
for the purpose of washing off the ctibon particles when the 
iron will rcm'iin as a grey magnetic powder 

(i ) Cobalt (Co) oi-curs in combmation with arsenic and 
sulphur and associated with nit-kel and iroD It is found occa 
Bionally in combination with selenium and there are a traces of 
it in meteoric iron In the metallic state it is ot a light red 
dish grey color rathei brittle ani only fusible at a strong 
white heat at common temperatures it is unalteiible by air or 
water At a red heat it oxi lizea slowly and decomposes w ater 
at a white heat it burns with a red flame. Cobalt is soluble 
in dilute sulphuric or hydrochloric acid by the aid of heat, 
whereby hydrogen is eliminated. These solutions have a fine 
red color. 

Frotoxide of Cobali (CoO).^It is an oUve-green powder, 
but, by exposure to the air, it becomes gradually brown. Its 
hydrate is a rich red powder. The solution of its salts is red, 
but the aqueous solution is often bine. 
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When heated in the oxidatioa flame, the protoxide is con- 
veitcd into the black pioto seeqmoxide (CoO + Co'O^) la the 
reduction flame it shrinks and is reduced without fusion to the 
metallic state It is now attracted Vjj the magnet and acquires 
lustre by compression 

Borax di%olves it m the oxidation flame and produces a 
deal mtensely colored Wue bead nhith reniaino transparent 
and of the same beautiful blae when cold This blue is like 
wise maniftst even if the bead be heated intermittingly If 
the cobalt exists m considerable quantity, the color of the be'ui 
is so intense as to appear almost black. 

This reaction of cobalt is so charaeteristic and sensitive that 
it can detect a minute trace. 

With microcosmic salt the same reaction is exhibited, but 
not so sensitive, nor is the bead so intensely colored when cold 
as that with borax. 

By fusion with carbonate of soda npon a platinum wire, with 
a very small portion of cobalt, a bright red colored mass is 
produced which appears grey, or slightly green when cold. 
By fusion upon platinum foil the fused portion floats down from 
the sides, and the foil is coated around the undissolved part, 
with a tliiu, dark-red sublimate. When fused upon charcoal, 
and in the reduction flame, it is reduced with soda to a grey 
powder, which is attracted by the magnet, and exhibits the 
metallic lustre by compression, 

Stsqmoxidt of Cobalt (Co'O'). — It is a dark brown powder. 
Its hydrate (2HO + Co'0°) is a brown powder. It is soluble 
only in acetic acid as the acetate of the sesquioxide. All other 
acids dissolve its salts to protoxide, the hydrochloric acid pro- 
ducing chloric gas. By ignition in the oxidation flame, it is 
converted into the proto-sesquioside (OoO-t-Oo^O') and pro- 
duces with reagents before the blowpipe the same reactions as 
the protoxide. 



(c.) mdel (Ni).— This metal occi 
with cobalt, and in analogous combinations, chi 
Dioal nickel. In the metallic state it is grey 



iably associated 
iefly as the arse- 
ish, silver-white, 
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has a high lustre, is hard, and malleable both cold and hot. 
At common temperatures, it is unalterable either in dry or moist 
air. When ignited, it tarnishes. It is easily dissolved by nitric 
acid, but very slowly by dOute sulphuric or hydrochloric acid, 
producing hydrogen. 

Proloxide of Nickel (NiO). — It is in the form of small grey- 
isii-black octahedrons, or a dark, greenish-grey powder. Its 
hydrate is a green powder. Both are unalterable in the air, 
and are soluble in nitric, sulphuric, and hydrochloric acids, to 
a green liquid. The protoxide is the base of the salts of nickel, 
which in the anhydrous state are yellow, and when hydrated are 
green. The soluble neutral salts change bine litmus paper to 
red. By ignition in the oxidation flame, protoxide of nickel is 
unaltered. Ir the reduction flame and upon charcoal, it 
becomes reduced, and forms a grey adherent powder, which is 
infusible, and presents the metallic lustre by compression, and 
is magnetic. Borax dissolves it in the oxidation flame very 
readily to a clear bead, of a red dish- violet or dark yellow color, 
but yellow or light red wheu cold. If there is but a small 
quantity of the oxide present, it is colorless. If more of 
the oxide be present, the beatl is opaque and dark brown, and 
appears, while cooling, transparent and dark red. By the addi- 
tion of a salt of potassa (the nitrate or carbonate) a bine or a 
dark purple colored bead is produced. The borax bead, in the 
reduction flame, is grey, turbid, or completely opaque from the 
reduced metallic particles. After a continued blast, the bead 
becomes colorless, although the particles are not fused. If the 
nickel contains cobalt, it will now be visible with its peculiar 
blue color. Upon charcoal, and by the addition of some tiu, 
the reduction of the oxide of nickel is easily effected, while the 
reduced nickel fuses with the tin. 

The oxide of nickel is dissolved by microeosmie salt in the 
oxidation flame to a clear bead, which appears reddish while 
hot, but yellow and sometimes colorless when cooling. If a 
conaderable quantity of nickel be present the heated bead is 
of a brown color, but orange when cooled. In the reduction 
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flame, and npon platmum wire, the color of the bead ia orange 
when cold; but upon charcoal, and with tlie addition of a little 
tio, the bead appears grey and opaque. After being submitted 
to the blowpipe flame all the nickel ia reduced, and the bead 
becomes colorless. 

Carbonate of soda does not affect it in the oxidatioa flame, 
but in the reduction flame and apon charcoal, it is absorbed 
and reduced, and remains, after washing off the carbon, as a 
white metallic powder, which is infusible, and has a greater 
attraction for the magnet than iron. 

Stsquioxide of Nickd (Ni'O'). — It ia in the form of a black 
powder, and does not combine with other substances, unless it 
is reduced to the protoxide. It exhibits before the blowpipe 
the same behavior as the protoxide. 

GROUP SIXTH, — ZINC, OADaitIM, ANTIMONY, TELLURIUM. 

The substances of this group can be reduced apon charcoal 
by fusion with carbonate of soda, but the reduced metals are 
volatilized, and cover the charcoal with anblimates. 

(d.) ZiMc (Zn). — This metal is found in considerable abun- 
dance, but never occura in the pure metallic state, but in com- 
bination with other substances, chiefly as sulphide in zinc 
blende, as carbonate in calamine, and as the silicate in the 
kieselzinc ore; also, with aulphurie acid, the "vitriol of zinc." 

Zinc is of a bluish-white color and metallic lustre, is crys- 
talline and brittle when heated 400°F., but malleable and duc- 
tile between 200° and 300°. It will not oxidize in dry air, but 
tarnishes if exposed to air containing moisture, first becomes 
grey, and then passes into the white carbonate. It decom- 
poses in water at a glowing heat. It is dissolved by diluted 
acids, while hydrogen is eliminated. It melts at about "ITS", 
and distills when exposed to a white heat in a close vessel. 
When heated over 1000" in the open air, it t^kea fire, and 
burns with a bluiah-white light, and with a thick white smoke 
of oxide of zinc. 
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Chadt of Zinc (ZnO). — In the pure state, oxide of ziuc is a 
white powder, infusible, and not TolatUe It is readily soluble 
in acids after being heated strongly. Its soluble neutral salts, 
when dissolved in water, change blue litmus paper to red. Its 
salts, with organic acids, are decomposed by ignition, and the 
carbonate of zinc remains. 

The oxide of zinc turns yeilow by being ignited in the oxida- 
tion flame, but it is only Tisible by daylight; this color changes 
to white when cold. It does not melt, but produces a strong 
light, and it is not volatile. 

It disappears gradually in the flame of reduction, while a 
white smote sublimates upon the charcoal. This sublimate is 
yellow while hot, but changes to white when cold. The cause 
of this is, that the oxide is reduced, is volatilized, and re-osi- 
dized, by going through the external flame in the form of a 
metallic vapor. 

Borax dissolves oxide of zinc in the flame of oxidation easily 
to a clear bead, which is yellow while hot, and colorless when 
cold. The bead becomes, by the addition of move oxide, enam- 
elled, while cooling. If the bead is heated with the intermit- 
tent flame, it is milk-white when cold. When heated in the 
flame of reduction upon platinum wire, the bead at first 
appears opaque, and of a greyish color, but becomes clear 
again after a continued blast. 

When heated upon charcoal in the reduction flame, it is 
reduced to a metal; but, at the same moment, is volatilized, 
and sublimes as oxide of zinc upon the charcoal, about one 
line's distance from the assay. This is likewise the ease with 
the microcosmic salt, except that it is more easily volatilized in 
the reduction flame. 

Carbonate of soda does not dissolve the oxide of zinc in the 
flame of oxidation. lu the reduction flame and upon charcoal, 
the oxide of zinc is reduced to the metallic state, and is volatil- 
ized with a white vapor of the zinc oxide, which sublimes on 
the charcoal and exhibits a yellow color while hot, and which 
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diaoges to wbite nhen cold Bj a strong heat the reduced 
zinc burus with a wlute flame 

Moistened with a solntion of cobalt o\ide, and heated 
strongly in the flame of oxidation, zinc oxide becomes of a 
jellowish-green coloi while hot, and changes to a beautiful 
green color wlien cold 

(b.) Cadmium (Cd) —This is one of the rare metals. It 
occurs in combination with sulphur in greenockite, and in some 
ores of zinc. It was detected first in the year 1818, and pre- 
sents itself as a tin-white metal of great lustre, and susceptible 
of a fine polish. It has a fibrous structure, crystallizes easily 
in regular octahedrons, presenting often the peculiar arbores- 
cent appearance of the fern It is soft, but harder and more 
tenacious than tin, it can be bent, filed, and easily cut: it 
imparts to paper a color hke that of lead It is very malleable 
and ductile, and can be hammered into thin leaves. It is easily 
fused, and melts before it glows (450°). At a temperature not 
much over the boiling point of mercury, it begins to boil, and 
distills, the vapor of the metal possessing no peculiar odor. It 
is unalterable in the air for a long time, but at length it tar- 
nishes and presents a greyish- white, half metallic color. This 
metal easily takes fire when heated in the air, and bums with 
a browaish-yellow vapor, while it deposits a yeilow sublimate 
upon surrounding bodies. It is easily soluble in acids with the 
escape of hydrogen, the solutions being colorless. Its salts, 
soluble in water, are decomposed by ignition in free air. Ite 
soluble neutral salts change blue litmus paper to 'red. The 
salts, insoluble in water, are readily dissolved in acids. 

Chdde of Cadmium (CdO). — This oxide is of a dark orange 
coloi It does not melt, and is not volatile, not even at a very 
high temperatuie Its hydrate is white, loses in the heat its 
hjdratic watpi, and absorbs carbonic acid from the air when it 
is kept in open vessels 

Cadmium oxide is unaltered when exposed upon platinum 
wire in the fiame of oxidition. When heated upon charcoal ia 
the flame ot reduction it disappears iu a very short time, while 
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the charcoal is coated with a dark orange or yellow powder, 
the color of which is more visible after it is cooled. The por- 
tions of this Bublimate furthest from the assay present a 
visible iridescent appearance. This reaction of cadmium is so 
characteristic and sensitive that minerals (for instance, cala- 
mine, carbonate of zinc) which contains from one to five 
per cent, of carbonate of cadmium, will give a dark yellowish 
ring of ca,dmiflm oxide, a little distance from the assay, after 
being exposed for a few moments to the fiame of reduction. 
This SQblimate is more visible when cold, and is produced some 
time previous to the reduction of the zinc oxide. If a vapor of 
the latter should appear, it indicates that it has been exposed 
too great a length of time to the flame. 

Borax dissolves a considerable quantity of cadmium oxide 
upon a platinum wire to a clear yellow bead, which, when cold, 
is almost colorless. If the bead is nearly saturated with the 
cadmium oxide, it appears milk-white when intermittingly 
heated. If the bead is completely saturated, it retains its 
opalescent appearance. Upon charcoal, and in the flame of 
reduction, the bead intumesces, the cadmium oxide becomes 
reduced to metal ; this becomes volatilized and re-oxidized, aud 
sublimes npon the charcoal as the yellow cadmium oxide. 

In the oxidation flame, microcosmic salt dissolves a large 
quantity of it to a clear bead, which, when highly saturated and 
while hot, is yellowish colored, but colorless when cold. By 
complete saturation, the bead is enamel-white when cold. 

Upon charcoal, in the flame of reduction, the bead is slowly 
and only partially reduced, a scanty sublimate being produced 
on the charcoal. The addition of tin promotes the reduction. 

Carbonate of soda does not dissolve cadmium oxide in the 
oxidation flame. In the reduction flame, upon charcoal, it is 
reduced to metal, and is volatilized to a red-brown or dark, 
red sublimate of cadmium oxide upon the charcoal, at a little 
distance from the assay the charcoal presenting the character- 
istic iridescent appearance. This reaction is stili more sensitive 
if the cadmium oxide is heated jier se m the reduction flame. 
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Ant noji/ (Sb)— Tlio metal is founl almo t eTpry conn 
try It prnc pally occurf, as tip tersulph k (Sb"^ ) ether 
pure or comb ned w th otl e snl] h dea part cularly w th bas c 
Eulpli de& Somet mes it occnr as tlie j ro metal a 1 rarer n 
a state of ox dat on as an ant mon ou ac d and as the osysui 
ph le 

In the pu e state ant mony has a silver wli te color w th 
muU lustre and presents a crystall ne struct re The con 
c al and impure met^l is f a t n wh te color and may fre 
q e tly le sjlt n parallel strata It brttle and eas iy 
pulverize 1 It melts at i low rel he t {810 ) l volat 
lized at a wh te heat and can I e 1 t lied At eo nmo tern 
peratnres t s not aff cted by the a r iVt a glow n^ 1 eat t 
takes fl e aJid bums w th a wh te flan e and n th vl te fun e 
forimng volat le ant mon ous ac d Com non ae 1 oxidize 
ant mony but d s olve t si ghtly It s sol ble n aqu reg a 
(n tro-hydrochlor c ac 1) 

Sesqmoxide of Ant mcny (Si ) — lu the i ure tite this 
ox de s a wh te [owde s fus ble at a dull red heat to a 
yellow 1 qu d wl ch after cool ng it. grey "h h te and crys 
tallme If t s heated excluded from the a r t ca be 
volat lize I CO npletely t sul I mes n br ght crystals hav ag the 
form of needle It occurs son et mes naf re as wh te aiid 
very br ght crystals It takes fire when heated n the open 
a r and bur w th a wh te vapor to ant mon ous ac d It 
fuses w th the tersnlphdeof ant mony to a lel bead It 
d t ngn shed f m the other ox dea of ant mony 1 he ead 
ness w th vh ch t s reduced to ti e metall c state ui o 1 ar 
coal and by ts ea j fus b 1 ty and volat 1 tv 

The sea ja ox de s the base of some salts — for u ti ce 
the ta tar emet c It a not solul le a n t c ac d but 
soluble n hy 1 ochlor e ac d Th s olot on become m Iky bj 
the add t on of ater A part of the salts of the se qu ox de 
of ant moay ire lecomposed by gn t on The halo d salts aie 
eaaly volat hzed % tlont deconpo t n It soluHe neutral 
salts change blue I tm s piper to red and are conve ted by 
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admixture of water, into iDsoluble basic and soloble acid 
salts. 

Antimonious acid (antimoniate of sesquioxide of antimony, 
Sb'O' + Sb'O') is of a white color, but, when heated, of a %tit 
yellow color, but changes to white again when cold. It is 
iiifasible and unaltered by heat. It forms a white hydrate, 
and Both are insoluble in water and nitric acid. It is partly 
soluble in hydrochloric acid, with the application of heat. The 
addition of water causes a precipitate in this solution. 

AiUimonic Add (Sb'O'). — In the pure state this acid is a 
light yellow-colored powder. Its hydrate is white, and is 
iuBoJuble in water and nitric acid. It is sparingly soluble 
ia hot concentrated hydrochloric acid. It forms salts with 
every base, some of which are insoluble, and others sparingly 
BO. Notwithstanding that antimonic acid is insoluble in water, 
it expels the carbonic acid from the solutions of the carbonatea 
of the alkalies. Antimonic acid and its hydrate changes moist- 
tened blue litmus paper to red. 



Behavior of Antimony and its Oxides hefcfre the Btmepipe, 

Meiallic Antimony fuses easily upon charcoal. When heated 
to glowing, and then removed from the flame, it continues to 
glow for awhile, and produces a thick white smoke. The 
vapor crjfltailizes gradually, and coats the assay with small 
crystals which iridesee like mother of pearl {sesquioxide of 
antimony). It is not volatile at the temperature of melted 
g^ass. Ignited in an open glass tube, it burns slowly with a 
white vapor, which condenses npon the cool part of the tube, and 
exhibits some indications of crystallization. This vapor consists 
of the sesquioxide, and can be driven by heat from one place 
to another, without leaving a residue. If the metallic antimony 
contains sulphide of antimony, there is a corresponding por- 
tion of antimonious acid produced, which remains as a white 
sublimate after the sesquioxide in remofed. 
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Sesquiixide of antimony melts easily, and sublimes as a white 
vapor. It may be prepared by precipitating aud dryiug. 
When heated, it takes fire previous to melting, glows like 
tinder, and is converted into antimonious acid, which is now 
infusible. When heated upon charcoal in the flame of reduc- 
tion, it is reduced to the metallic state, and partly volatilized. 
A white vapor sublimates upon the charcoal, while the external 
flame exhibits a greenish-blue color. Antimonious acid is infu- 
sible, produces a strong light, and is diminished in volume 
when heated iu the external flame, during which time a dense 
white vapor sublimes upon the charcoal. It is not, however, 
in this manner reduced to the metallic state like the sesqui- 

Antwio%ic add, when first heated, becomes white, and is 
converted into antimonions acid. Hydrated antimonic acid, 
which is originally white, appears at first yellow while giving 
off water, and then becomes white again, while oxygen is 
expelled, and it is converted into antimonious acid. 

The oxides of antimony prodnce, with blowpipe reagents, the 
following reactions ■ borax dissolves oxides of antimony in the 
oxidation flamo in considerable quantity to a clear bead which 
IS yellow while hot but colorless when cold If the bead is 
i,atnriti,d a part uf the oxide la volatilized as a white vapor 
Ipon charcfal in the oxidation flame, it is completely vola 
tilized and the charcoa] is covered with a white sublimate 
Heated upon charcoal in the rcdacmg flame the bead is of a 
greyish coloi and partial] j if lot wholly opaque liom the pre- 
bence of reduced me'tallic particles A contumed heat ^ill 
volatilize them and the bead beLomes clear The addition of 
tin promotes the reduction 

Micrico mic salt dissolves the eompoundo of antimony in the 
flame of oxidation with intumescence to a clear light yellow 
colored bead which when cold is colorless Heated npon 
charcoal m the reduction flame the bc^d i& first tnrbid but 
soon becomes trinsparent The addition of tin renders the 
bead gtejisb while coolmj, but a cont uued Ua'-t render it 
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transparent. Soda difisolves tlie compounds of antimony upon 
platinum wire ia the oxidation flame, to a clear colorless bead, 
which is white when cold. 

Upon charcoal, both ia the oxidation and reduction Sames, 
the antimoDj componads are readily reduced to the metal, 
which is immediately yolatilized, and prodnces » white incrust- 
ation of oxide of antimony upon the charcoal. If the anti- 
mony compounds are heated upon charcoal in the flame of 
reduction, with a mixture of carbonate of soda and cyanide 
of potassium (KCy), there are produced small globules of 
metallic antimony. At the same time, a part of the reduced 
metal is volatilized (this continues aftbr tlie aiisay is removed 
from the flame) and re-oxidized. A white incrustation ap- 
pears upon the charcoal, and the metallic globules are 
covered with small white crystals. If this wliit* sublimate 
upoa the charcoal ia moistened with a solution of cohalt- 
oxide, and exposed to the reduction flame, a part of it is 
volatilized, while the other part passes into higher oxidation, 
and remains, after cooling, of a dirty dark-green color. 

{d.) TeUu-ri-am (Te). — This is one of the rare metals. It 
occurs very seldom in the metallic state, but often with bis- 
muth, lead, silver, and gold. Tellurium, in the pure state, is 
silver-white, very bright, of a foliated or lamellar structure, 
brittle, and easily triturated. It is inclined to crystallize. It is 
soluble in concentrated sulphuric acid without oxidation. The 
solution ia of a fine purple color, and gives a precipitate with 
the addition of water. 

Telluritim in the Metallic form. — By the aid of heat it is 
oxidized in sulphuric acid, a portion of the oxygen of the acid 
oxidizing the metal, while sulphurous acid gas escapes. This 
solution is colorless, and is tellnrous acid, dissolved in sul- 
phnric acid. It melts at a low red heat, and volatilizes at a 
higher temperature. If tellnrium is heated with free access of 
air, it takes fire, and burns with a blue color, the flame being 
greenish at the edges, while a thick white vapor escapes, which 
has a feeble acidulous odor. 
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Tdlurous Add (TcO') is of a fine, granulous, crystalline or 
white ea.rtiiy mass, which is partly soluble in water. The 
solution has a strong metallic taste, and an acid reaction upon 
litmus paper. Heated in a tube closed at one end until it 
begins to glow, it fuses to a yellow liquid which is colorless, 
crystalline, and opaque when cold. Beads of it remain usually 
transparent like glass. Heated upon platinum wire in the 
flame of oxidation, it melts, and is volatilized as a white vapor. 
When heated upon charcoal in the oxidation flami-, it melts, 
and is reduced to the metallic state, but volatilizes and a, sub- 
limate of white tellurous acid is formed upon the charcoal. 
The edge of this deposit is usually red or dark-yellow. 

Heated upon charcoal in the flame of reduction, it is rapidly 
reduced, the external Came exhibiting a biuish-greea color. 

Borax dissolves it in the oxidation flame upon platinum wire 
to a clear colorless bead which turns grey when heated upon 
charcoal, through the presence of reduced metallic particles. 
TJpott charcoal, in the reduction flame, the bead is grey, caused 
by the reduced metal. After a continued blast, tellurium is 
completely volatilized, and the bead appears clear again, whOe 
a white sublimate is deposited upon the charcoal. 

With microeosmic salt, the same reactions are produced. 

With carbonate of soda, t«llurons acid fuses upon platinum 
wire to a clear colorless bead, which is white when cold. 
Upon charcoal it is reduced, aud forms tdlur-sodium, which is 
absorbed by the charcoal, and metallic tellurium, which ia 
volatilized, and deposits upon the charcoal a white incrusta- 
tion (tellurous acid). 

If tellurous acid, finely powdered charcoal, and carbonate 
of soda are mixed together, and the mixture be well ignited in 
a closed tube, until fusion is effected, and a few drops of boiled 
water are brought into the tube, they are colored purple, indi- 
cating the presence of tdlur-sodmm. 

TeUtk-ric Acid (TeO') forms six-sided prismatic crystals. It 
has not an acid, but rather a metallic taste. It changes blue 
litmus paper to red ; is slowly soluble in water, and rather 
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sparingly. Exposed to a !iigli temperature, but not until 
glowing, the crystalline acid loses its water, and acquires an 
orange color, bnt still it preserves its crystalline form, although 
no longer soluble iu water, and is in faet so much changed in 
its properties as to present the instance of an isomeric modifi- 
cation. 

If teUnric acid is heated gently in a closed tube, it loses 
water and turns yellow. Heated still more strongly, it becomes 
milk-white, oxygen is expelled, and it is eonyerted into tellu- 
rons acid. The presence of oxygen can be recognized by the 
more lively combustion which an ignited splinter of wood 
undergoes when held in it. Telluric acid produces the same 
reactions with the blowpipe reagents as tellurous acid. 



SEVENTH GROUP. LEAD, BISMUTH, TIN. 

The oxides of these metals are also reduced to the metailic 
state by fusion with soda upon charcoal in the flame of redac- 
tion, but they are volatilized only after a continued blast, and 
a sublimate is thrown upon the charcoal, 

{a.) Lead (Pb).— This metal occurs in considerable quanti- 
ty in nature, chiefly as galena or lead-glance (sulphide of 
lead). Likewise, but more rarely, as a carbonate ; also as a 
sulphate, and sometimes combined with other acids and metals. 

In the metallic state, lead is of a bluish-grey color, high lus- 
tre, and sp. gr. 11'4. It is soft, and communicates a stain to 
paper. It is malleable, ductile,- but has very little tenacity. It 
melts at about 612°. Exposed to the air it sOon tarnishes, being 
covered with a grey matter, which some regard aa a suboxide 
(Pb'O), and others as simply a mixture of lead and protoxide. 
At a glowing heat it is oxidized to a protoxide, and at a white 
heat it is volatilized. It is insoluble in most acids. It is, how- 
ever, soluble in nitric acid, but without decomposing water. 

(Z.) Frotoxide of Lead (PbO). — It is an orange-colored 
powder, which melts at a glowing temperature, and forms a 
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lamellar mass after cooling. Pi'otoxide of lead absorbs oxygen 
from the atmosphere while melting, which is given off again by 
cooling. Being exposed for a longer while to the air, it absorbs 
carbonic acid and water, and becomes white on. the sarface. 
It is soluble in nitric acid and caustic alkalies. It forms with 
most acids insolable salts. It is slightly soluble in pure water, 
but not in water which contains alkaline salts. Tliis hydrate 

{/3.)iS«fOzi^eo/iefl(?(PbO',PbO).— It forms a puce-colored 
powder. It is insolnble in caustic alkalies. Hydrochloric acid 
dissolves it and forms a yellow liquid, which is soon decomposed 
into chloride of lead and chlorine. It is reduced by ignition to 
the protoxide. 

(y.) Peroxide of Lead (PbO').— It is a dark-brown powder. 
It yields with hydrochloric acid the chloride of lead and clilorine 
gas. When heated it liberates oxygen, and is reduced to the 
protoxide. 

Lead combinations give the following reactions before the 
blowpipe ; Metallic lead tarnishes when heated in the oxidation 
flame, and is instantly covered with a grey matter, consisting of 
the protoxide and the metal. It fuses quickly, and is then co- 
vered with a yellowish-brown protoxide until all the lead is 
converted into the protoxide, which melts to a yellow liquid. 
In the reduction flame and npon charcoal, it is volatihzed, while 
the charcoal becomes covered with a yellow sublimate of oxide. 
A little distance from the assay, this sublimate appears white 
(carbonate of lead). Protoxide of lead melts in the flame of 
oxidation to a beautiful dark yellow bead. In the flame of re- 
duction, and upon charcoal, it is reduced with intumescence to 
metallic lead, which is volatilized by a continued blast, and sub- 
limates on charcoal, as mentioned above. 

Red X d of lead turns black when heated in the glass tube 
clo d at n end, and liberates oxygen, which :s easily detected 
L tl e t eduction of an ignited splinter, when a more lively 

mbu t n of the wood proves the presence of uncombiued 
oxy en The red oxide in this case is reduced to the protoxide. 



..Google 



Special RKACTinNS. 151 

Heated apon platiaum foil, it first turns black, is reduced to tlie 
protoxide, and melts into a dark yellow liquid. In the reduc- 
tion flame, upon charcoal, it is rednced to the metal with intu- 
mescence. After a continued blast, a yellow sablimate of pro- 
toxide is produced upon the charcoal, and at a little distance off, 
around this sublimate, a white one of carbonate of lead is pro- 
duced. This sublimate disappears when touched by the flame 
of reduction, while it communicates an azure blue-tinge to the 
external flame. This is likewise the case with the peroxide of 
lead. 

The different oxides of lead produce with the blowpipe re- 
agents the same reactions. 

Borax dissolves lead compounds with the greatest readiness 
upon platinum wire in the oxidation flame to a transparent bead, 
which is yellow when hot, but colorless after being cooled. 
With the addition of more of the lead oxide, it becomes opal- 
escent. When h atel bT the interm ttent flame and v th stdl 
more of the ox de it a jn res a yellow e im 1 aftei cool ng 
Heated upon charcoal in tl e flame of re luct on the bead 
spreads anl > ecomes paque After a cent nued blast all 
the oxide is redurrd w th effervesce nt,e to metall c lead whicJi 
melts and runs towirds the edj,es of the bead wh le the bead 
i^ain becones tnnsfirent 

Microcosm Sail d ssolves OTides of lead upon plat nnm wire 
in the flame of ox dat on eas W to a clear colorless be-id wh ch 
appears, when highly saturated, yellow while hot. A saturated 
bead becomes enamel-like after cooling. The bead appears in 
the flame of reduction, and upon charcoal, of a greyish color 
and dull. By the addition of more oxide, a yellow sublimate of 
protoxide is produced upon the charcoal. By the addition of 
tin, the bead appears of a darker grey, but it is never quite 
opaque. 

Carbonate of Soda dissolves oside of lead in the flame of oxi- 
dation upon platinum wire quite readily to a transparent bead, 
which becomes yellow when cooling, and is opaque. Upon char- 
coal in the flame of reduction, it is rapidly reduced to metallic 
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lead, whicb yields, after a contiaued' blast, a yellow eubiimate 
of oxide upOD the charcoal. 

(6.) Bismnth (Bi).^ — This metal occurs mostly in the metallic 
state, and less freqaentSy as the sulphide. In the pure metaiiic 
state, it is of a reddish-white color and great lustre. It crys- 
tallizes ia cubes. It is brittle, and may be readily pulverized. 
It melts at 4T6°, and is Tolatiliaed at a white heat. It is solu- 
bie in nitric acid, and forms the nitrate of bismuth. 

(a.) Qddt of Bimv.lk (Bi'O').— This oxide is a Ught yellow 
powder, fusible at a red heat, inaolable in caustic potash and 
ammonia. It is the base of the salts of bismuth. Ita hydrate 
ia white, and easily soluble in acids. The addition of water 
causes these solutions to become milky, because they are 
decomposed into a soluble acidulous and a« insoluble basic 
salt of bismuth. 

(/3.) Pero:nde of Bismuth (BiO') is a darli-colorcd powder, 
completely soluble in boiling nitric acid, and yielding oxygen ; 
produces, with hydrochloric acid, chlorine gas. It can be 
heated up to the temperature of 620° without being decom- 
posed ; but, exposed to a temperature of 630° it yields oxygen. 
Mixed with combustible substances, it glow.s with brightness. 

(y.) Bism'nthic Add (Bi'O') ia a brown powder snniiar to 
the peroxide, but is converted by boiling nitric acid into a 
green, scarcely soluble substance (Bi'O", Bi'O'). Its hydrate 
is of a red color. 

Blowpipe Reactiosh. — Metallic bismuth is converted, when 
exposed upon platinum wire to the flame of oxidation, into a 
dark brown oxide, which turns light yellow while eoolmg. It 
is slowly volatilized wheu heated, and a yellow sublimate of 
oxide is produced upon the charcoal. 

Oxide of bismuth melts upon platinum foil in the flame of 
oxidation very easily into a dark-brown liquid, which changes 
to a light yellow while cooling. By too strong a heat, it is 
reduced and penetrates the platinum foil. 

Upon charcoal, in the flame of oxidation and of reduction, it is 
reduced to metallic bismuth, which melts into one or more 
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globules. By a contiimed blast they are slowly volatilized, and 
produce a yellow sublimate of oxide upon the charcoal, beyond 
wliieh a white sublimate of carbonate of bismnth is visible. 
These sublimates disappear in the flame of reduction, but with- 
out communicating any color to it. 

BoTiz dissolrea oxide of bismuth upon platinum wire, in the 
flame of oxidation, easily to a clear yellow bead, which appears 
colorless after cooling. By the addition of more oxide, the hot 
bead becomes orange. It turns more yellow wliile cooling, and 
when cool is opalescent. Upon charcoal in the fiauie of reduc- 
tion, the bead becomes turbid and grayish colored. The oxide is 
reduced with intumescence to the metallic state, and the bead 
becomes clear again. The addition of tin promotes the reduc- 

Microcosmic Salt dissolves oxide of bismuth upon platinum 
wire, in the flame of oxidation, to a yellow bead, which becomes 
colorless after cooling. By the addition of more oxide, the 
bead is yellowish-brown while hot, and colorless after cooling, 
but not quite transparent. This bead becomes enamelled when 
heated by the intermittent flame ; also, by the addition of still 
more of the oxide, after it is cooled. 

Upon charcoal, in the flame of reduction, and particularly 
with the addition of tin, the bead is colorless and transparent 
while hot, but while cooling becomes of a dark-gray color and 
opaque. 

Oxide of bismuth is reduced, by fusion with carbonate of soda, 
as well in the oxidating as in the reducing flame, instantly to 
metallic bismuth. 

As the above mentioned higher oxides of bismuth are con- 
verted by ignition into oxide of the metal and free oxygen, 
they have the same behavior before the blowpipe. 

As bismuth occurs mostly in the metallic form, it is neces- 
sary to know how to distinguish it from metals similar to 
it. Its brittleness distinguishes it from lead, zinc and tin, as 
they are readily flattened by a stroke of the hammer, while 
bismuth is broken to pieces. Bismuth, in this latter respect. 
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might perhaps be mistaken for antimony or toUuriam ; but, by 
the foIlowiDg examination, it is easy to separate bismuth from 
antimony or tellurium. 

1. Neitlier bismuth nor antimony sublimates when heated in 
a glass tube closed at one end. At a temperature which is 
about to fuse the glass, tellurium yields a smal! quantity of a 
white vapor (some tellurium is oxidized to tellurous acid by 
th y f th ■ ■ th t b ) Aft th t g y m t 1!" 

II m { ttl th d f tl t b 
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h h t th d t fh gl t 1 1 b d by 

I f m p t f th t b t tl th t 1 g 

d Th m t U 1 1 1 d h 1 bl 

1 t ty f f d d T 11 m p J d th m 

mt t p ddpt thgl 

wl t p d wh h m It by h t t 1 b 1 tl t 

th las Th m t 11 g] ! 1 d 1 y f d 

t p t 1 ly 1 I d wh I b m wht 

wh 1 1 By a h gh t mp t d w th 1 ttl 

f m tall t II m bl ra w th f h d p t fa 

gyid B thpd 1 mlttmt 

ly y 1 It rab d tl Iph Tl 

mti lid by f I dt dkyllwl 

wh h pp 1 gl t J 11 w aft b Id It t p 

th gl d d 1 t 

3 Up h i p d t th 11 1 I fl m th th 

m t 1 1 1 1 d d y Id a bl m t p th 1 1 

rh t f t y h t h 1 th f b th d t II 

d k II w By 1 g th t th fl m f d t 
th bi t f t 11 1 pp rs d m t 

t ns fe 1 t tl fl m Tl t T t t 

g f II gr hbl 1 wl I th bl t t b 

m th g t ]tbl 1 th 1 It It h w 

w thy f t th f h p t t k pi th 1 k 
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(e.) Tm (Sn). — Tli metii djes not ocrur m nature in the 
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metallic state, verj t-eldom iu the tulphide, but chiefly ia the 
oxide (tinstone). In the metallic state it is silver-white, pos- 
Eesses a very high lustre, is soft (bnt harder than lead), ductile, 
but has not much tenacity, and it is very malleable. The 
metal whea it is cast gives a ppouliar creaking noise when 
twisted or bent, which proceeds from the crystalline structure 
of the metal. This crystallization is quite clearly manifested 
by attacking the surface of the metal, or that of tin plate, 
with acids. 

Tin is very slightly tarnished by exposure to the air. It 
fnses at 442°, and becomes grey, being a mixture of the oxide 
and the metal. At a high temperature even, tin is but little 
subject to pass off as vapor. It is soluble in aqua regia, and 
with the liberatioii of hydrogen, in hot sulphuric and hydro- 
chloric acids, and in cold dilute nitric acid, without decom- 
posing water, or the prodnction of a gas, while nitrate of tin 
and nitrate of ammonia are formed Concentrated nitric acid 
converts tin into insolnble tm icids 

(ft.) Protoxide of Tm (SnO) 11 a dark grey powder. Its 
hydrate is white, and is soluble m Liustie alkalies. When this 
solution is heated, anhydrous cryftalhue black protoxide is 
separated. The soluble neutral nalt'! of tm protoxide are de- 
composed by the addition of water, and converted into acid 
soluble, and basic insoluble salts. 

When protoxide of tin is ignited with free access of air, it 
takes fire and is converted with considerable intensity into the 
acids, producing white vapors. This is likewise the case if it is 
touched by a spark of fire from steel. The hydrate of the prot- 
ox d f t be ingaited by the flame of a candle, and 

gl w 1 k t d 

(j3) 'iesq loxd of Tin (Sn'O') is a greyish-brown powder. 
Its h i t h te, with a yellow tinge. It is soluble iu 

aij mm d ia hydrochloric acid ; this solution forms 

witl It f g Id the " purple of Cassias." 

{7 ) S; And (peroxide, SnO'). — This acid occurs in na- 

tu y t 11 d [uadro-octahedrons, of a brown or an intense 
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black color, and of great hardness (tinstone). Artificially pre- 
pared, it is a white or yeilowish-white powder. It exists in 
two distinct or isomeric modifiealioiis, one of which is insoluble 
in acids (natural tin-acid) while the other (tin-acid prepared in 
the wet way) is soluble in acids. By ignition the soluble acid 
is converted into the insoluble. Both modifications form 
hydrates. 

Reactions before the B/wpye.— Metallic tin melts easily. It 
is covered in the flame of oxidation into a yellowish- white 
oxide, which is carried ofE sometimes by the stream of air 
which propels the flame. In the reduction flame, and upon 
charcoal, melting tin retains its metallic lustre, while a thin 
sublimate is produced upon the charcoal. This sublimate is 
light-yellow while hot, and gives a strong light in the flame of 
oxidation, and turns white while cooling. This sublimate is 
found near to the metal, and cannot be volatilized in the oxida- 
tion flame. In the flame of reduction it is reduced to metallic 
tin. Sometimes this incrustation is so imperceptible that it 
can scarcely be distinguished from the ashes of the cliarcoal. 
If such be the case, moisten it with a solution of cobalt, and 
expose it to the flame of oxidation, when the sublimate will 
exhibit, after cooling, a bluisii-green color. 

Protoxide of tin takes fire in the flame of oxidation, and 
burns with flame and some white vapor into tin acid, or stannic 
acid. In a strong and continued reduction flame, it may be 
reduced to metal, when the same sublimate above mentioned 
is visible. The sesquioxide of tin behaves as the above. 

Stannic acid, heated in the fiame of oxidation, does not melt 
and is not volatilized, but produces a strong light, and appears 
yellowish while hot, but changing as it cools to a dirty-yellow 
white color. In a strong and continued flame of I'cduccion, it 
may be reduced likewise to the metallic state, with the produc- 
tion of the same sublimate as the above. 

Bitrax dissolves tin compounds in the flame of oxidation, and 
upon platinum wu^, very tardily, and in small quantity, to a 
tranapaient colorless bead, which remains clear after cooling. 
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and also when heated intermittiugly. But if a saturated bead, 
after being completely cool, is exposed again to the flame of 
oxidation, at a low red heat, the bead while cooling is 
opa^jue, loses its globular form, and exhibits an indistinct crys- 
tallization. This is the case too in the flame of reduction, bat 
if the bead is highly saturated, a part of the oxide is reduced. 

Microcesmic Salt dissolyes the oxides in the flame of reduc- 
tion very tardily in a small quantity to a transparent colorless 
bead, which remains clear while cooling. If to this bead ses- 
qnioxide of iron is added in proper proportion, the sesqiiioxide 
loses its property of coloring the bead, bnt of course an excess 
of the iron salt will communicate to the bead its own charac- 
teristic color. In the flame of reduction no further alteration 
is visible. 

Tin-oxides combiue with carbonate of soda, in the flame of 
oxidation upon platinum wire, with intumescence to a bulky 
and confused mass, which is insoluble in more soda. Upon char- 
coal, in the reduction flame, it is easily reduced to a metallic 
globule. Certain compounds of tin-oxides, particnlarly if they 
contain tantalum, are by fusion with carbonate of soda reduced 
with difficulty ; but by the addition of some borax, the reduc- 
tion to the metallic state is easily effected. 

Tin-oxides exposed to the oxidation flame, then moistened 
with a solatioa of cobalt, and exjiosed again to the flame of 
oxidation, will exhibit, after having completely cooled, a bluish- 
green color. 



EIGHTH OROVF. — ^UERUDBT, ARSENIC. 

Those two metals are volatilized at a temperature lower 
than that of a red heat, and produce, therefore, no reactions 
with borax and microcosmic salt. Their oxides are easily 
reduced to the metallic state. 

{a.) Mercury (Hg). — This metal occurs in nature chiefly 
combined with sulplinr a* a bisulphide. 
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It occurs still more rarely in the metallic form, or combined 
with silTer, selenium, or chloriue. 

Mercury, in the metallic state, has a strong lustre, and is 
liquid at ordiuary temperatures, whereby it is distingaished 
from any other metal. It freezes at 40° and boils at 620°, 
but it evaporates at common temperatures. Pure mercury ia 
unalterable. Upon being exposed to the air, it tarnishes only 
by adnuxture with other metals, turns grey on the surface, and 
loses its lustre. It is soluble in cold nitric acid and in concen- 
trated hot sulphuric acid, but not in hydrochloric acid. 

{X-) Protoxide of Mkrcary (Hg'O). — It is a black powder, 
which is decomposed by ignition into metallic mercury and oxy- 
gen. By digestion with certain acids, and particularly with 
caustic alkalies, it is converted into metallic mercury and per- 
oxide. Some neutral sails of the protoxide arc only partly 
soluble in water, as they are converted into basic insoluble and 
acid solnble salts. 

Protoxide of mercury is completely insoluble in hydrochloric 
acid. Its neutral salts ciiange blue litmus paper to red, 

(/3.) Feroride of Mercury (HgO).^Thi3 oxide exists in two 
allotropic modifications. One is of a brick-red color, and the 
other ia orange. Being exposed to heat, they turn black, but 
regain their respective colors upon cooling. They are decom- 
posed at ft high temperature into metallic mercury and oxygen. 
They yield with acids their own peculiar salts. 

Mercury, ia the metallic form, can never be mistaken for any 
other meto! in consequence of its fluid condition at ordinary 
temperatures. 

Exposed to the blowpipe flame, it is instantly volatilized. 
This is also the ease with it when combined with other 
metals. The oxides of mercury are, in the oxidation and 
reduction flames, instantly redoced and volatilized. They do 
not produce any alteration with fluxes, as they are volatilized 
before the bead melts. Heated with carbonate of soda in a 
glass tnbe closed at one end, they are reduced to metallic mer- 
cury, which is volatilized, and condenses upon a cool portion of 
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the tube as a grey powder. Bj cautions knocking against the 
tube, or Ijy rubbing with a glass rod, this sablimate can be 
brought together uito oue globule of metallic mercury. Com- 
pounds of mercury cau be most completely reduced by a mix- 
ture of neutral oxalate of potassa and cyanide of potassium. If 
the substance under examination contains such a small quan- 
tity of mercury that it cannot be distinguished by Tolatilization, 
a strip of gold leaf may be attached to an iron wire, and intro- 
duced during the experiment iu the glass tube. The smallest 
trace of mercury will whiten the gold leaf in spots 

(J.) Arsenic (As). — This metal occurs in considerable quan- 
tity iu nature, chiefly combined with sulphur or metals. 

Arsenic, in the metallic state, is of a whitish-grey color, high 
lustre, and is crystalline, of a foliated structure, and is so brittle 
that it can he pulverized. It does not melt, but is volatilized 
at 856°. Its vapor has a strong alhaceous odor. Arsenic 
sublimes in irregular crystals. By exposure to the air it soon 
tarnishes, and is coated black. Being mixed with nitrate of 
potassa and inflamed, it detonates with vehemence. Mixed 
with carbonate of potassa, it is inflamed by a stroke of the 
hammer, and detonates violently. 

Heated in oxygen gas, it is inflamed, and bums with a pale 
blue flame to arsenious acid. 

(/3.} Arsenious Acid (AsO').— This acid crystaJHzes in oetar 
hedrons, or, when fused, forms a colorless glass, which finally 
becomes opacjue and enamel-like, or forms a white powder. It 
sublimes without change or decomposition. When heated for 
a longer while below the temperature of sublimation, it melts 
into a transparent, colorless, tongh glass. The opaque acid is 
sparingly soluble in cold water, and still more soiuble in hot 
water. It is converted, by continued boiling, into the transpa- 
reut acid, which is much more soluble in water. Arsenious acid 
is easily dissolved bv caustic potassa. It is also soluble m 
hydrochloric acid. This acid occurs associated with antimo- 
uions acid, protoxide of tin, protoxide of lead, and oxide of 
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copper. It occurs likewise in very small quantity in ferrngi- 
uoua miDGi'al springs. 

(y.) ArseTuc Acid (AsO') is a white mass, which readily 
absorbs moisture and dissolves. It will not volatilize at a low 
red heat, nor will it decompose. Exposed to a strong heat, it 
is decomposed, yielding oxygen, and passing into i 



Reactions before the Blowpife. 

Metallic arsenic, heated in a glass tube closed at one end, 
yields a black sublimate of a metallic Instre, and at the same 
time gives out the characteristic alliaceous odor. This is the 
case too with alloys of arsenic, if there is a maximum quantity 
of arsenic present. 

When heated in a glass tube open at both ends, metallic 
arsenic is oxidized to arsenious acid, which appears as a white 
crystalline sablimate on the sides of the glass tube. This 
deposit will occur at some distance from the assay, in conse- 
quence of the great volatility of the arsenic. The sublimate 
can be driven from one place upon the tube to another, by a 
very low heat. Alloys of arsenic are converted into basic 
arseniates of metal oxides, while surplus arsenic is conTert«d 
into arsenious acid, which sublimes on the tube. If too much 
arsenic is used for this experiment, a dark-brown incrustation 
will sublime upon the sides of the tube which will give an alli- 
aceous smell. If this sublimate should be deposited near the 
assay, then it resembies the white sublimate of arseniona acid. 

Heated upon charcoal, metallic arsenic is volatilized before 
it melts, and incrusts the charcoal in the flame of oxidation as 
a white deposit of arsenious acid. This sublimate appears 
sometimes of a greyish color, and takes place at some dis- 
tance from the assay. When heated slightly with the blow- 
pipe flame, this sublimate is instantly driven away, and being 
heated rapidly in the reduction flame, it diBappears with a 
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light blue tinge, while the usual alliaceous or garlic smell may 
be discerned, 

Arsenious acid sublimes in both glass tubes very readily, as a 
white crystalline sublimate. These crystals, appear to be regu. 
!ar octahedrons when observed under the microscope. Upon 
charcoal it instantly volatilizes, and when heated, the character, 
istic garlic smell may be observed. 

Arsenic acid yields, heated strongly in a glass tube eiosed at 
one end, oxygen and arsenious acid, the latter of which enh- 
limes in the cool portions of the tube. Compouiids of arsenic 
produce, in consequence of their volatility, no reactions with 
fluxes. Being heated upon charcoal with carbonate of soda, 
they are reduced to metalUc arsenic which may be detected by 
the alliaceous odor peculiar to all the arsenic compounds when 
rolatilized. 



NINTH GROUP. — <:OFPEK, SILVER, GOLD. 

These metals are not volatile, neither are their oxides. They 
are reduced to the metallic state, by fusion with carbonate of 
Boda, when they melt to a metallic grain. The oxides of silver 
and gold are reduced per se to the metallic state by ignition. 
In the reduction of the oxides of this gronp, no sublimate is 
visible upon the charcoal. 

(o.) Copper (Cn).— This metal occurs in the metallic state, 
also as the protoxide, and as oxides combined with acids in 
different salts (carbonate of copper as malachite, et«.) The sul- 
phide of copper is the principal ore of copper occurring in nature. 
In the metallic state, copper is of a red color, has great lustre 
and tenacity, is ductile and malleable, and crystallizes in octa- 
hedrons and cubes. It melts at a bright red heat, is more 
difficult than silver to fuse, but fuses more readily than gold. 
It absorbs oxygen while melting. There arises from its surface 
a fine dust of metallic globules, which are covered with the 
protoxide. The surface of the metal is likewise covered with 
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the protoxide. Copper exposed to moist air tarnishes, and is 
converted into hydratic carbonate of copper. WKen ignited 
in the open air, it ia soon covered with the brownish-red prot- 
oxide. 

(X.) Protoxide of Copper (Ou'O). — This oxide occurs in 
nature, crystallized in octahedrons of a ruby-red color, of a 
lamellar structure, and transparent. Artificially prepared, it 
forms a powder of the same color. It ia decomposed by dilute 
acids into salte of peroxide and metal. It is converted by igni- 
tion, with free access of air, into peroxide. 

(/3.) Oxide of Copper (CuO).— This oxide is a dark-brown 
or black powder. It is dissolved by acids, with a blue or 
green-colored solatioii. It is soluble in aqua ammonia, and the 
solution is of a dark blue color. 

Reactions before the Blowpipe. — Oxide of copper exposed 
upon platinum wire to the inmost flame (the blue flame), com- 
municates to the external flame a green color, Heated npon 
charcoal in the oxidation flame, it melts to a black ball, soon 
spreads over the charcoal, and is partially reduced. 

Exposed to the reduction flame, at a temperature whicti will 
not melt copper, it ia reduced with a bright metaUic lustre, but 
as soon as the blast ceases, the surface of the metal becomes 
oxidized, and appears dark brown or black. If the tempera- 
ture is continued still higher, it melts to a metallic grain. 

Sorax dissolves the oxide of copper in the flame of oxidation 
to a clear green-colored bead, even if the quantity of oxide be 
quite small, but by cooling, the bead becomes blue. In the 
fiame of reduction upon platinum wire, the bead soon becomes 
colorless, but while cooling presents a red color (protoxide of 
copper). This bead is opaque, but, if too much of the oxide 
is added, a part of it is reduced to metal, which is visible by 
breaking the metallic grain. 

Upon charcoal, the oxide ia reduced to the metal, and the 
bead appears colorless after cooling. With the addition of 
some tin, the bead becomes brownish-red and opaque after 
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Miirocosmk Salt dissolves oxide of copper in the fiamo 
of oxidation to a green bead, not so intensely colored as the 
boras bead. In the reduction flame the bead, if pretty n-eil 
saturated, becomes dark-green while hot, and brownish-red 
when cool, opaque and enamel-like. If the oxide is so little 
that no reaction is yisible, by the addition of some tin, the 
bead appears colorless while hot, aud dark brownish-red and 
opaque when cold. 

CarhowiU of Soda dissolves oxide of copper in the oxidation 
flame apon platinum wire, to a clear, green bead, which loses 
its color when cooling, and becomes opaque. 

Upon charcoal, it is reduced to the metal, the soda is ab- 
sorbed by the charcoal, and the metallic particles melt with 
sufficient heat to a grain. 

(5.) Siii-er l,Ag). — This metal occurs in nature in the me- 
tallic state, and in combination with other metals, particularly 
with lead It al&o occurs as the sulphide in several mines. 
It crjstalhzes m cubes and octahedrons ; is of a pure ivhite 
color, gieat lustre, li very malleable and ductile, and is softer 
than coppei, but harder than gold. It is not oxidizable, neither 
at common tempeiatures nor at those which are considerably 
higher It is soluble in dilute nitric acid, and in boiling con- 
centrated sulphuric acid. 

(X-) Protoxide of Silver (Ag°0).— It is a black powder. 
It is converted by acids and ammonia into oxide and metal. 

(j3.) Oxide of SUver (AgO). — It is a greyish-brown or 
black powder, and is the base of the silver salts. With aqna 
ammonia, it is converted into the black, fulminating silver. 

(y.) Superoxide or Binoxide of Silver (AgO°). — This oxide 
occurs in black needles or octahedral crystals of great metallio 
lustre. It is dissolved by the oxygen acids with the disen- 
gagement of oxygen gas 

Behavior iefore the Blow^pe. — When exposed to the flames 
of oxidation ind reduction, the oxides of silver are instantly 
reduced to the metallic tate. 

Borax di^suhes sUvei oxides upon platinum wire in the 
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ox dation flame but part ally while the other portion is re 
dnced the bead appeaimg oj ale'icent after coolmg in corres 
pondence to Ihi' degree of satnratioa Ihe head becomes grey 
In the flame of reduction the reduced silver n elting to a grain 
and the bead is rendered clear and coloile s again 

3Iicroaistmc Salt d ssolves ox. dcf of s her m the flame of 
ox dation n] on f ktinum wire to a trai parent jeilowish bead 
which presents when mui.1 of ihe o-^ide s j re&ent an opale 
cent appearance 

In the flame of redact on tl e reaction is analogous to that 
of borax 

By fu& on witl carbonate of aoda in the oxidation and re Inc 
tion flames the silver oxi lei are instantl) re luced to metallic 
silver, which fuses into one or more grains. 

(e.) Gold (An), — Thb metal occurs mostly in the metallic 
state, but frequently mixed with ores, and with other metals. 
Gold crystallizes in cubes and octahedrons, is of a beautiful yel- 
low color, great lustre, and is the moat malleable and ductile 
of all the metals. It melts at a higher temperature than cop- 
per, gives a green colored light when fused, and contracts 
greatly when cooling. It does not oxidize at ordinary tempe- 
ratures, nor when heated much above them. It is soluble in 
nitro-hydro chloric acid {aqua regia). 

(X-) Prottxdde of Gold (Au'O).— -This oxide is a dark violet 
colored powder which is converted by a temperature of 540° 
into metallic gold and oxygen. It Ja only soluble in aqua 
regia. Treated with hydrochloric acid, it yields the chloride 
of gold and the metal. With aqua ammonia, it yields the ful- 
minating gold, which is a bine mass and very explosive. 

(X-) Peroxide of Gold (Au'0=).— This oxide is an olive- 
green or dark brown powder, containing variable quantities of 
water. Decomposed at 530°, it yields metallic gold and oxy- 
gen. 

Reactions before tht Mow^pe.—Oxidts of gold are reduced, 
in both the oxidation and reduction flames, to the metal, which 
fuses to grains 
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Borax doeB not dissolve it, but it is reduced to the metallic 
state ia this flus in either flame. The reduced metal fuses 
upon charcoal to a grain. 

Mierotxsmic Salt presents the sanie reactions as borax. 
When fused with soda, upon charcoal, the soda is absorbed, 
and the ^oU remains as a metallic grain. 



These metals are not volatile, and are infusible before the 
blnwpipe; but some of their oxides are volatile, and can be 
I'educed to au infusible metallic powder. 

(a.) Molybdenum (Mo) occurs in the metallic state ; also 
combined with sulphur, or as molybdic acid combined with 
lead. It is a white, brittle metal, and is unaltered by expo- 
sure to the air. When heated until it begius to glow, it is 
converted into a brown oxide. Heated at a continued dull red 
heat, it turns bke. At a higher temperatare, it is oxidized to 
molybdic acid, when it glimmers and tmoltea, and is converted 
into crystallized molybdic acid upon the surface. 

(X-) Protoxide of Mdybdtnum (MoO). — This oxide is a 
black powder. 

{X.) JMutozide of Molybdenum (MoO').— This oxide ia a 
dark copper-colored crystalline powder. 

Beadiom before the .Bfowpipe.— Metallic molybdenum, its 
protoxide and binoxide, are converted in the oxidation flame 
into molybdic acid. This acid fuses in the flame of oxidation 
to a brown liquid, which spreads, volatilizes, and sublimes upon 
the charcoal as a yellow powder, which appears crystalline in 
the vicinitj of the assay. This sublimate becomes white after 
cooling. Beyond this sublimate there is visible a thin and not 
volatile ore of binoxide, after cooling; this is of a dark copper- 
red color, and presenting a metallic lustre. 

Heated in a glass tube, closed at one end, it melts to a 
brown mass, vaporizes and sablimates to a white powder npon 
a cool portion of the tube. Immediately above the assay, yel- 
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low crystals aie visible these cnstiia aie colorlc *! after cool- 
ing and the fuBcd mass becomes light yelbw-colored and crys- 
talline 

Upon platinum foil in the flame of oxidation it melta and 
vaponaes and becomes li^ht yellow and crystal! ne alter cool- 
ing In the reduction fianie it becomes 1 Ine and brown coloied 
if the heat is increased 

Upon chaicoal m the leduction flame it if, ab^oibed by the 
charcoal and with in increase of the tcmjeiatn e it is le- 
dueed to the metal which remains as a ^ley powder after 
wa'ihmg off the pai tides of charcoal 

Bo ax diisolves it m the oxidation flame upjn platmnm 
wire easily and in great quantity to a clea jellow which 
becomes colorless whde cooling By tie addition of more of 
the moljbdemc acd the bead is dark yellow or red while hot, 
and opale St. eat when cold In the icdurtnn flame the col r 
ot the bead is changed to brown and transparent By the 
addition of more of the acid it becomes opaque 

Murocosmic Salt dissolves it in the ox datiou flame upon 
platinum nire to a dear yellowish f,ieen bead which becomes 
coloiless after cool ng In the reduction flaroe the bead la very 
dark and opaque but becomes of a bright gicen aftei cooling. 
Th s is the cabC hkewiae npon chaicoil 

Carbonate of Soda dissolves it Upon platinum wire in the 
oxidation flame with intumescence to a clear bead whicli 
appears milk-white after cooling. Upon chaicoal the soda aud 
the molybdic acid are absorbed, the latter is reduced to the 
metallic state, the metal remaining as a grey powder after 
washing off the particles of charcoal. When molybdic acid, or 
any other oxide of this metal, is exposed upon platinum wire, or 
with platinum tongs, to the point of the blue flame, a, yellowish- 
greeu color is communicated to the external flame. If also any 
of the compounds of molybdenum are mixed in the form of a 
powder with concentrated sulphuric acid and alcohol, and the 
latter inflamed, the flame of the alcohol appears colored green. 

(c) Osmium (Os). — This metal occurs associated with pl*- 
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linum. It is of a bluiah-grey color, aud is very brittle. 
Ignited ia the open 'air, it is oxidized to volatile osmic acid, 
ivlikh is possessed of a pungent smeil, and affects the ejes. It 
coramnnicates a bright white color to the flame of alcohol. 
Osmium oside (OsO') is eouverted in the oxidation flame to 
OKmic acid, which is volatilized with a peculiar smell, leaving a 
snblimate. 

In the reduction flame it is reduced to a dark-brown infusible 
metallic powder. It produces no reactions with fluxes. Car- 
bonate of soda reduces it upon charcoal to an infusible metallic 
powder, which appears, after washing off the particles of char- 
coal, of a dark-brown color. 



These metals are infusible before the blowpipe. They are 
not volatile, nor are they oxidizable. Their oxides are, in both 
Barnes, reduced to a metallic and infusible powder. They give 
no reactions with fluxes, but are separated in the metallic fonn. 
These metals are generally found associated together in the 
native platinum, also with traces of copper, lead, and iron. 

The metal palladium is found native, associated with iridium 
and platinnm. This metal generally occurs in gregHt quan- 
tity in Brazil. 

The metal rhodium is found along with platinum, but in very 
small quantities 

Iridium occurs in nitaie associated with osmium, gold, and 
platinum, in the mines of Ku'.'iia Its great hardness has ren- 
dered it desirable for the points of gold pens. In South 
America this metal is found native, associated with platinnm 
and osmium The latter metal, associated with platinum and 
iridium, has been found in "-outh America. 

As these metals w ill not oxidize or dissolve, they cannot bo 
separated from each other by the blowpipe with the reagents 
peculiar to that species of analysis. It is true that colors may 
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be discerned in tlie beads, but these tints proceed from the pre- 
sence of small traces of copper, iron, etc. 

The ore of osminm and iridium can be decomposed, and the 
former recognized by its fetid odor. Tbis metal, strongly 
ignited in a glass tube with nitrate of potash, is converted to 
the oxide of osmium, which gives an odor not unlike the chlo- 
ride of sulphur. 

As the metals of this group are very rare ones, especially the 
last four ones, we shall not devote an especial division to each 
of them. For a more detailed stateineat of their reactions, the 
student is referred to the large works upon blowpipe analj^is. 



1. Water — 2. Nitric Acid~3. Carboii~i. Phosfhorm—t. SW- 
yAw — 6. Boron, — 7, SUicon — 8, CMvrim—Q. Bromine — 
10. Iodine — 11. Fluorine— 12. Cyanogen— 13. Seieninm. 

(1.) Water (HO), — Pure distilled water is composed of 
oue volume of oxygen, and two volumes of hydrogen gases ; or, 
by weight, of oue part of hydrogen to eight parts of oxygen 
gases. Water is never found pure in nature, but possessing 
great solvent properties, it always is found with variable pro- 
portions of tliose substances it is most liable to meet with, dis- 
solved in it. Thus it derives various designations depending 
upon the nature of the substance it may hold in solution, 
as lime-water, etc. 

In taking cognizance of water in relation to blowpipe analy- 
sis, we regard it only as existing in minerals. The examination 
for water is generally performed thus ; the substance may be 
placed in a dry tube, and then submitted to heat over a spirit- 
lamp. If the water exists in the mineral mechanically it will 
soon be driven off, but if it exists chemically combined, the 
heat will fail to drive it off, or if it does, it will only partially 
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effect it. The water will condense upon the cool portions of 
the tube, where it can he readily discerned. If the water exists 
ehemically combined, a, mnch stronger heat must be applied in 
ordei' to separate it. 

Many substances may be perhaps mistaken for water by the 
beginner, snch as the volatile acids, etc. 

(2 ) Nitric Add (NO').^ — Nitric acid occui-s in nature in 
potash and soda saltpetre. These salts are generally impure, 
containing lime, as the sulphate, carbonate and nitrate, and also 
iron in small quantity. The soda saltpetre generally eoutaans 
a quantity of the chloride of sodium. The salts containing 
nitric acid deflagrate when heated on charcoal. Substances 
containing nitric acid may be heated in a glass tube closed at 
one end, by which the characteristic red fumes of citrous acid 
are eliminated. If the acid be in too minute a quantity to be 
thus distinguished, a portion of the substance may be intimately 
mixed with some bisulphate of potash, and treated as above. 
The sulphuric a«ld of the bisulphate combines with the base, 
and liberates the nitric acid, while the tube contains tiie nitrous 
acid gai 

The mtrate of potassa, when heated in a glass tube, fuses to 
a clear glass, but gives off no water. When fused on platinum 
wire, it communicates to the external flame the characteristic 
violet color When fused and ignited on charcoal, its surface 
becomes frothy, indicating the nitric acid. 

(3.) Carbon (0). — Carbon is found in nature in the pure 
crystallized state as the diamond. It occnrs likewise in 
several allotropic states as graphite, plumbago, charcoal, 
anthracite, etc It exists in large quantities combined with 
oxygen as carbonic acid 

The diamond, although combustible, requu-es too high a heat 
for its combustion to onible us to burn it with .the blowpipe. 
When excluded fiom the air, it maybe heated to whiteness 
without undergoing fusion, but with the free access of air it 
bums at a temperature of 703° 0, and is converted into car- 
bonic acid If mixtd with nitre, the potassa retains the car- 
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bonic acid, and the earboa may be thus easily estimated. If a, 
mineral containing carbonic acid is heated, the gas escapes 
with effervescence, or a strong mineral acid as the hydrochloric 
will expel the acid with the characteristic effervescence. 

(4.) Plwspharw, Phosphoric Add (PO').— This acid occurs 
a variety of minerals, associated with yttria, copper, uranium, 
Q, lead, manganese, etc. Phosphoric acid may he detected 
minerals by pursuing the following process: dip a small 
piece of the mineral in sulphuric acid, and place it in the plati- 
num tongs; this is heated at the point of the blue flame, when 
the outer flame will become colored of a greenish-btue hue. 
This color will not be mistaken for those of boracic acid, cop- 
per, or baryta. Some of the phosphoric minerals, when heated 
in the inner flitme, wiU color the outer flame green. 

If alamioa be present with the phosphoric acid, the following 
wet method should be adopted for the detection of the latter: 
the substance shonid be powdered in the agate mortar with a 
mixture of six parts of soda, and one and a half parts of sihca. 
The entire mass should how be placed on charcoal, and melted 
in the flame of oxidation. The residue should be treated with 
boiling water, which dissolves the phosphate and the excess of 
carbonate of soda, while the silicate of alumina, with some of 
the soda, is left. The clear liquor is now treated with acetic 
acid, and heated over the spirit-lamp, and a small portion of 
crystallized nitrate of silver added; a lemon-yellow precipitate 
of phosphate of silver is quickly developed. Previous to the 
addition of the nitrate, the liqnor shonid be well heated; other- 
wise, a white precipitate of dipyrophosphate of silver will be 
produced. 

If the examination be of any of the metallic phosphides, the 
substances should be powdered in the agate mortar, and fused 
with nitrate of potassa on the platinum wire; the fused mass 
treated with soda in the same manner as any snb- 
ing phosphoric acid. The metal and the phos- 
idized, while the phosphate of potassa is fused, 
ic 03dde separates. 



stance containt 
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and the metalli 
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(5.) Sulphv,r (S).— Sulphur is found natiYe in crystals 
It is frequently found associated with Ume, iron, siUca, carbon, 
etc., and combined exteusively with metals. 

The principal add of sulphur (the sulphuric, SO') occurs 
combined with the earths, the alkalies, and the metallic oxides. 
Native sulphur is recognized, when heated upon charcoal, 
by its odor (sulphurous acid) aud the blue color of its flame. 
The compounds of sulphur may be detected by several methods. 
If the substauce is heated In a glass tube, closed at one end, 
the yellow sublimate of sulphur will subside upon the cool por- 
tions of the tube; if the substance should also contain arsenic, 
the sublimate will present itself as a light brown incrustation, 
consisting of the sulphide of arsenic. 

If the assay is heated in the open glass tube, sulphurous acid 
will thus be generated; but, if the gas is too litt!e to be de- 
tected by the smell, a strip of moistened litmus paper will indi- 
cate the presence of the acid. 

The assay will give off sulphurous fumes if heated in the 
flame of oxidation. 

If the powdered substance is fused with two parts of soda, 
and one part of boras, upon charcoal, the sulphide of sodium 
is formed. This salt, if moistened and applied to a polished 
silver surface, will blacken it. The borax serves no other pur- 
pose than to prevent the absorption of the formed sulphide of 
sodium by the charcoal. As selenium will blacken silver in the 
manner above indicated, the presence of this substance should 
be first ascertained, by heating the assay; when, if it be pie- 
sent, the characteristic horse-radish odor will reveal the fact 

Sulphuric acid may be detected by fusing the -jubatance with 
two parts of soda, and one part of borax, on charcoal, in the 
flame of reduction; the mass must now be wetted with water, 
and placed iu contact with a surface of bright sdver, when, if 
sulphuric acid be present, the sliver wiil become blackened 

Or the substance may be fused with silicate of soda m the 
flame of reduction. In this case, the soda combines wif h a por 
tion of the sulphuric acid, which is tjien reduced to the sul- 
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phide, while the bead becomes of an orange or red color, 
depending upon the amount of the sulphuric acid preaent. IE 
the assay should, however, be colored, then the previous treat- 
ment should be resorted to. 

(6.) Boron, JSoradc Add (BO'). — This acid occurs in nature 
in several minerals combined with various bases, such as mag- 
nesia, lime, soda, alumina, etc. Combined with water, this 
acid exists in nature as tlie native boracic acid; this acid gives 
with tost paper prepared from Brazil wood, when moistened 
with water, a characteristic reaction, for the paper becomes 
completely bleached. An alcohol solution turns curcuma test 
paper brown. Hcat«d on charcoal, it fuses to a clear bead; 
but, if the sulphate of lime be present, the bead becomes opatjue 
upon cooling. 

The following reaction is a certain one: the substance is 
pulverized and mixed with a flux of four and a half parts of 
bisuJphate of potassa, and one part of pulverized fluoride of 
calcium. The whole is made into a paste with water, and the 
assay is placed on the platinum wire, and submitted to the 
point of the blue flame. While the assay is melting, fluoboric 
gas is disengaged, which tinges the outer flame green. If but 
a small portion of boracic acid is present, the color will be quite 



(t.) Sili(Xt, SiUdc Add (SiO').— This acid exists in the 
greatest plenty, forming no inconsiderable portion of the solid 
part of this earth. It exists nearly pure in crystallized quartz, 
chalcedony, cornelian, flint, etc., the coloring ii^redients of 
these minerals being generally iron or manganese. 

With microcosmic salt, silica forms a bead in the flame of oxi- 
dation which, while hot, is clear, while the separated silica 
(ioats in it. A platinum wire is generally used for the purpose, 
the end of it being first dipped in the salt which is fused into a 
bead, after which the silica must be added, and then the bead 
submitted to the flame of oxidation. 

The silicates dissolve in soda but partially, and then with 
effervescence. If the oxygen of the acid be twice that of 
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the base, a clear bead wilt be obtaiDed that will retain its 
transparency when cold. If the soda be added in small quan. 
tity, the bead wiil then be opaque. In the first instance, a 
part of the base which eeparatea is re-dissolved, and, therefore, 
the transparency of the glass; but, if too laxge a quantity of 
the soda is added, the separation of the base is sufficient to 
render the a^ay infusible. 

(8.) CMorw£ (01). — Chlorine exists in nature always in 
combination, as the chlorides of sodium, potassium, calcium, 
ammonium, magnesia, silver, mercury, lead, copper, etc. 

The chlorine existing in metallic clilorides may be detected 
as follows: the wet way may be accomplished in the following 
manner. If the substance is insoluble, it must be melted with 
soda to render it soluble; if it be already soluble it must be 
dissolved in pure water, and nitrate of eilrer added, when the 
one ten-thousandth part of chlorine will manifest its presence 
bj imparting a mijky hue to the fluid. 

By the blowpipe, chlorine may be detected in the following 
manner: Oxide of copper is dissolved in microcosmic salt on 
the platinum wire m the flame of oxidation, and a clear bead is 
obtained. The substance containing the chlorine is now added, 
and heat is applied. The assay will soon be enveloped by a 
blue or purplish flame. As none of the acids that occur in the 
mineral kingdom give this reaction, chlorine cannot be con- 
founded with them, for those which impart a color to the flame, 
when mixed with a copper salt, wiU not do so when tested iu 
the microcosmic salt bead as above indicated. 

If the assay is soluble in water, the following method may 
be followed; a small quantity of sulphate of copper or iron is 
dissolved; a few drops of the solution is placed upon a bright 
snrface of silver, and the metallic chloride added; when, if 
chlorine is present, the silver is blackened. If the chloride is 
insoluble in water, it must be rendered soluble by fusion upon 
a platmum wire with soda, and then treated as above.* 
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(9.) Bromne (Br). — ^The bronude of magnesinm and sodium 
exists in many salt springs, and it is from these that the bro- 
mine of commerce is obtained. The metallic bromides give the 
same reactions on silver with the microcosmic bead and copper 
salt as the metallic chlorides. The purplish color which, how- 
ever, characterizes the chlorides, is more inclined to greenish 
with the bromides. If the substance be placed in a flask or 
glass tube, and fused with bisolphate of potassa, over the 
spirit-lamp, sulphnrons gas and bromine will be eliminated. 
Bromine will be readily detected by its yellow color and ite 
smell. Bromine may be readily detected by passing a current 
of chlorine through the fluid, after which ether is added and 
the whole is agitated. The ether rises to the top, carrying 
with it the bromine in solution ; after being withdrawn, this 
ether is mixed with potassa, by which the bromide and bromate 
of potassa are formed. The solution is evaporated to dryness, 
the residue is fused in a platinum vessel, the bromate is decompos- 
ed, while the bromide remains; this must be distilled with sul- 
phuric acid and the binoxide of manganese. A red or brown 
vapor will then appear, indicating the presence of bromine ; this 
vapor will color starch paste — which may be put in the re- 
ceiver on purpose — of a deep orange color. 

If, to a solution contduing a brOmide, concentrated sulphuric 
or nitric acid be added, the bromine is liberated and colors the 
solution yellow or red. The hypochlorites act in the same 
manner. The bromine salts are coming into nse extensively in 
photography, in consequence of their greater sensitiveness to 
the action of light than the chlorides alone. 

(10.) Iodine (I). — This element occurs in salt-springs, 
generally combined with sodium; it also exists in rock-salt; it 
has likewise been found in searwater, also in a mineral from 
Mexico, in combination with silver, and in one from Silesia, in 
combination with zinc. As sea-water contains iodine, we would 
consequently expect to find it existing in the sea^weeds, and it 
% generally from the ashes of these that It is obtained in com- 
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When the metallic iodides are fased with the microeosmic 
salt and copper, as previously indicated, they impart a green 
color to the flame. This color cannot be mistaken for the 
color imparted to the flame by copper alone. When the 
metallic iodides are fused in a glass tube, closed at one end, 
with the bisulphate of potassa, the vapor of iodine is liberated, 
and may be recognized by its characteristic color. Those min- 
eral waters containing iodine can be treated the same as for 
bromine, as prcTiously indicated, while the Tiolet>K!olored vapor 
of the iodine can be easily discerned. The nitrate of silver is 
the heat test for iodine, the yellow color of the iodide of ailyer 
being not easily mistaken, while its almost insolubility in am- 
monia will confirm its identity. The chloride of silver, on the 
contrary, dissolves in ammonia with the greatest facility. 

The reactions of iodine are similar to those of bromine with 
concentrated sulphnric acid and binoxide of manganese, and 
with nitric acid: The iodine is released and, if the quantity be 
not too great, colors the liquid brown. If there be a consider- 
able quantity of iodine present, it is precipitated as a dark 
colored powder. Either of these, when heated, gives out the 
violet-color of the iodine. 

With starch paste free iodine combines, producing a deep 
blue compound. If, however, the iodine be in very minute 
quantity, the color, instead of being bine, wifl be light violet 
or rose color. 

If to a solution of the sulphate of copper, to which a small 
portion of aalphnrous acid has been added, a liquid containing 
iodine and bromine is poured in, a dirty, white precipitate of 
the subiodide of copper is produced, and the bromine remains 
in the solution. The latter may then be tested for the bromine 
by strong suipburie acid. 

(11.) Fluorine (PI). — This element exists combined with 
sodium, calcinm, lithium, aluminium, magnesium, yttrium, 
and cerium. Fluorine also exists in the enamel of the teeth, 
and in the bones of some animals. This element has a strong 
affinity for hydrogen, and, therefore, we find it frequently in 
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the form of hydrofluoric acid. Brazil-wood paper is the most 
delicate test for hydrofluoric acid, which it tinges of a light 
yeilow color. Phosphoric acid likewise colors Brazil paper 
yellow, bat as thia acid ia not volatile at a heat sufficient to 
esftmiDe hydrofluoric acid, there can be no mistaJfe. If the 
subatance is supposed to eoutain this acid, it should be placed 
on a slip of glass, and moistened with hydrochloric acid, when 
the test paper may be applied, and the characteristic yellow 
color will indicate the presence of the fluorine. 

As hydroflnoric acid acts upon glass, this property may be 
used for its detection. The substance may be put into a glass 
tube, and sulphuric acid poured upon it in sufBcient quantity 
to moisten it; a alight heat applied to the tube will develop 
the acid, which will act upon the glass of the tube. If the 
acid is retained in the mineral by a feeble affinity, and 
water be present, a piece of it may be put in the tube and 
heated, when the acid gas will be eluninated. The test paper 
will indicate its presence, even before it has time to act upon ■ 
the glass. If the temperature bo too high, fluosilieic acid ia 
generated, and will form a silicious incrustation upon the cool 
portion of the tube. 

If the fluorine is too minute to produce either of the above 
reactions, then the following process, recommended by Plattner, 
should be followed ; the assay should be mixed with metaphos- 
phate of soda, forraed by heating the microcosmic salt to dull 
redness. The mass must then be placed in an open glass tube, 
in such a position that there will be an access of hot air 
from the flame. Thus aqueous hydrofluoric acid is formed, 
which can be recognized by its smell being more suffocating 
than chlorine, and also by the etching produced by the conden- 
sation of vapor in the tube. Moist Brazil paper, applied to 
the extremity of the tube, will be instantly colored yellow. 

Merlfit's method for the detection of this acid is the follow- 
ing : * Pulverize the substance for examination, then triturate 
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it to an impalpable powder, aud mix it with an equal part of 
bisnlphate of potassa. Heat the mass gradnallj in a moderately 
wide test-tube. The judicious application of heat mnet be 
strictly observed, for if the operator fii^t heats the part of the 
tube where the assay rests, the whole may be lost on account 
of the glass being shattered. The spirit-flame ranst be first 
applied to the fore part of the tube, and then made to recede 
slowly until it fuses the assay. After the mixture has been for 
some time kept in a molten state, the lamp mnst be withdrawn, 
and the part containing the assay severed with a file. The fore 
part of the tube must then he well washed, and afterwards 
dried with bibulous paper. Should the fluorine contained in 
the substance be appreciable, the glass tube, when held up to 
the light, will be found to have lost its transparency, and to be 
very rough to the touch. 

Great care should be observed not to allow this very corrosiTe 
acid to come into contact with the skin, as an nicer will be the 
consequence that wUl be extremely difficult to heal. 

When hydrofluoric acid comes in contact with any sUicioua 
substance, hydrofluosilicic acid gas is always formed. 

(12.) Sekmium (Se), — This element occurs in combination 
with lead as the selenide, and with copper as the selenide of 
copper. It exists also combined with cobalt and lead, as the 
selenide of these metals ; also as the selenide of lead and 
mercury. 

The smallest trace of selenium may be detected by igniting 
a small piece of charcoal in the flame of oxidation, when the 
peculiar and unmistakable odor of decayed horse-radish will 
indicate the presence of that element. An orange vapor is 
eliminated if the selenium be present in any quantity, while 
there la an incrustation around the assay of a grey color, with 
a metallic lustre. This incrustation frequently presents a red- 
dish-violet color at its exterior edges, often running into a deep 
blue. If a substance containing selenium be placed in a glass 
tube, closed at one end, and submitted to heat, the selenium is 
Bublimed, with an orang«-colored vapor, and with the charac- 
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teristic odor of that substance. Upon the cool portions of the 
tube a steel-grey sublimate is deposited, and, beyond that, can 
be discerned small crystals of selenic acid. If the mineral he 
the seleniferous lead giance, snlphnroua acid gas wiil be given 
off, and may be detected by the smell, or by a strip of moist- 
ened litmus paper. 

If arsenic is present, heating upon charcoal will quickly lead 
to the determination of the one from the other. 



TABULAR STATEHENT OP THE REACTlOKg OP MINEHAL3 EEPOKE THE 



In Past Third of this work, commencing at page 109, the 
student will find a suificiently explicit description of the blow- 
pipe reactions of those principal substances that would be 
likely to come beneath his attention. The following tabular 
statement of those reactions — which we take from Scheerer 
and Blanford's excellent little work upon the blowpipe — will be 
of great benefit, as a vehicle for consultation, when the want 
of time — or during the hurry of an examination — precludes the 
attentive perusal of the more lengthy descriptions in the text. 

In the examination of minerals, before the student avails 
himself of the ^d of the blowpipe, he should not neglect to 
examine the specimen rigidly in relation to its physical charac- 
ters, such as its hardness, lustre, color, and peculiar crystalliza- 
tion. It is where the difference of two minerals cannot be 
distinguished by their physical appearance, that the aid of the 
blowpipe comes in most significantly as an auxiliary. For 
instance, the two minerals molybdenite and graphite resemble 
each other very closely, when examined rn regard to their 
physical appearance, but the blowpipe will quickly discriminate 
them, for if a small piece of the former mineral be placed in 
the flame of oxidation, a bright green color will be communi- 
cated to the flame beyond it, while in the latter there will be 
no color. Thus, in a very short time, these two minerals can 
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i from each other by aid of the blowpipe, while 
no amount of physical examination could determiae that point. 
The blowpipe is equally an in(3ispen sable instrument in the 
determination of certain minerals which may exist in others as 
essential or non-essential constituents of them. For instance, 
shonld a minute quantity of manganese be present in a mineral, 
it must be fused with twice its bulk of a mixture of two parts 
of carbonate of soda, and one part of the nitrate of potassa, in 
the flame of oxidation upon platinum foil. The manganate of 
soda thus formed will color the fnsed mass of a bluish-green 
tint. 

Or a sUght quantity of arsenic may be discerned by the fol- 
lowing process recoTiimendcd by Plattner : * one grain of the 
finely pnlverized metal is mixed with six grains of nitrate of 
potassa, and slowly heated on the platinum spoon. By this 
means the metals are oxidized, while the arseniate of potassa is 
obtained. Then boil the fused mass in a small quantity of 
water in a porcelain vessel till all tho arseniate is dissolved. 
The metallic oxides are allowed to subside, and the above 
solution decanted off into another porcelain vessel. A few 
drops of sulphuric acid are added, and the solution boiled to 
expel the nitric acid, after which it is evaporated to dryness. 
In this operation, the sulphuric acid should bo added only in 
sufficient quantity to drive off the nitric acid, or, at the utmost, 
to form a biaulphate with the excess of potassa. When dry, 
the salt thus obtained is pulverized in an agate mortar, and 
mixed with about three times its volume of oxalate of potassa, 
and a little charcoal powder. The mixture is introduced into 
a glass bulb having a narrow neck, and gently warmed over a 
spirit-lamp in order to drive off the moisture, which must be 
absorbed by a piece of blotting-paper in the neck of the bulb. 
After a short time, the temperature is increased to a low red 
heat, at which the arsenions acid is reduced and the metalhc 
arsenic sublimed, and wliich re-condenses in the neck of tbe 
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bulb. If theto the arsenic be so small in quantity as to exliibit 
no metaliic lustre, the Eeck of the bulb may be cut off with a 
file immediately above the sublimate, and the latter exposed to 
the flame of the blowpipe, when the arsenic is volatilized, and 
may be recognized by its garlic odor. 

If the presence of cadmium is suspected m zinc-blende, it may 
be detected by fusing a small piece of the blende upon charcoal 
in carbonate of soda. The peculiar bright yellow sublimate of 
the oxide of cadmium, if it be present, will not fail to indicate 
it. This incrustation can be easily distinguished from that of 
zinc. Thus, with the three illustrations we have given, the 
student will readily comprehend the great utility of the blow- 
pipe in the examination of minerals. 

Although th f 11 w'n tabl s n t ang d pecially 

for the last pa t of th w k till this a ang m t good 
that by their t u ultat n he tud nt w 11 adily mp ehend 
at a glance what qm ome d t I to e pla n a d we feel 
DO hesitation m aj ng that alth gh th y a u t y copi- 
ous, they will n t fa 1 t mpart a is am unt f nfo mation, 
if consulted with any degree ol carefulness. 

The minerals given are snch as are best known to English 
and American mineralogists under the names specified. For 
more detailed reactions than conld be crowded into a table, the 
student will have to consult the particular substance as treated 
in Part Third. If this part is perused carefully previous to 
consulting the tables, these will be found eminently serviceable 
as a refresher of the memory, and may thus save much time 
and trouble. 

And, finally, we would certainly recommend the student, 
after he shall have gone through our little volume (if he is 
ambitious of making himself a thorough blowpipe analyst), to 
then take up the lai^cr works of Berzelius and Plattner, for 
our treatise pretends to nothing more than a humble intro- 
duetiou to these more copious and scientific works. 



..Google 







Behavior 


MmeraL 


Formnlfu 












in glasB-bulb. 


on platinum foil. 


Diamond .... 







In fine powder ia 
slowly consumed 
without residue in 
a. strong oiidizing 


Graphite 


C witli some 


QeneraUy gives off 


Is slowly consumed 




iroQ, ^ca, etc 


"""■ 


leaving more or 


Anthracite... 


C + ifi 


EToIvea water. 


Is slowly consumed 




"'""* 




with the exception 

of a email quantity 

of ash. 


Wallsend-coal 


C,H,N,0,S 


Intumesoea and 


Takes fire under 




and ash. 


^ves off water and 


blowpipe flame, and 








burns with a smoky 






partly condense in 








bulb, and leate a 


much Boot and leav- 






"""'"'■ 


ing a porous cinder 
which burufl slowly 
and leaves a small 


Cannel-coal .. 


C,H,N,0,S 


As the preceding, 


Similar to the pre- 




md ash. 


but ^Tes off more 


ceding. If held to 
tjikes fire and bums 


Brown-coal . . 


C,H,N,0,8 


Gives off much 


Burns slowly and 




and aah. 


water and tar, and 


without flame, leav- 








ing some ash. 






der retaining the 








form of the ori^nal 








fragment. 




Aephaltum.. 


C + H + 0. 


Fuses with ease 


Takes fire and 






affording an 


burns with a bright 
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Continuation of page 181. 







B eh ay i r 


MincraL 


Formula. 












in glass-bulb. 


' on platinum foil. 


Asphaltum... 


C + H + 0. 


empyreumatic oil 


flame and a thick 






haTing an alkalino 


smoke. 






rcacOon, and com- 








bustible gases, and 








leases a carbona- 
















whioh is entirely 








consumed under the 








blowpipe flame, ei- 








cept a little ash. 




ElatiiEite 


C + H. 


Fuses and gives off 


Fuses, takes fire, 






water having an 


and burns with a 






acid reaction, naph- 


smoky flame, leav- 






tha and a tarrj 
fluid, which chieflv 


ing a carbonaceous 






residue which -an. 






coDdeDse in the 


der the blowpipe 






neck of the bulb 


flame, >s quickly 






and leare a light 


tot sumed with the 






palveruieiit, carbo- 


except on of the 






naceous residue. 


ashes 




c+h: 


Fuses to a clear co 


Fuses tikea fire 






lorlees liquid, which 


and buns Hilh a 






solidifies on cooling 


br ght flan e until 






and has a talton 


entirely consimed 






iike smell 




Oiokeritc... 


C + H. 


Fuses readily to a 
clear brown oily 
fluid, which solidi- 
fies on cooling. 


As the preceding 


Amber 


C+H + 0. 


Fuses with diffi- 


Takes fire and burna 






culty, and affords 


with a yellow flame 






water, an empyreu- 








matic oil, and suo- 








dnio acid which 








condeoHe in the 
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ConUuuntioD of pnge 182. 



....,, 


Formula. 


Behavior 


in glaes-bnlb. 


on platinum foil. 


Amber 

Memte 


C + H + 0. 


Deck of the bulb, 

leaTire a sbiniog 

bUck residue. 

Gives off water. If 
heated to redness, 
is carbonized, and 

pjreumatie odor. 


On charcoal burns 
to a white ash, which 

trate of cobalt and 
heated Ehoffs the 
alumina reactioD. 
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POTASH. 



■ 




Beh.vio 






Minacal. 


Formula. 






















(1) 


(2) 


(3) 








in glass-bulb. 


m open tube. 


on charcoal. 






fit 


Fuaes readily 
to a clear li- 




Deflagrates 
















quid and with 












a strong heat 




which is ab- 








boila Bith the 












eTolution of 




charcoal and 








osjgen. 




gives a sul- 














Poljhalite.... 


6S + %S 


Gives off 




Fuses to u. red- 
dish bead, 
which in the 
reducing flame 
aolldifiee and 
shrinks to a 
hollow ctusti 
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Continuation of page X84. 





Behavior 


(8) 
Special 














(4) 


(B) 


(6) 


(1) 


reactions. 




in forceps. 


in boras. 


Id mic. salt. 


with carb. soda. 






On platinum 


_ 




_ 


With bisul- 












phate of pot- 




colors tlie 








assa in the 




flame Tiolet 








glass-bulb 




more or less 








evolves 




modified by 








nitrous ftinies. 




lira© iiJid soda. 












On platinum 


Dissolves with 


As in borax. 


Fhs^'- The 


The alkaline 




wire fuses and 






alkalies are 






colors the 


clear glass, 




absorbed by 


laid on sUver 




flame yellow 


which is 




the charge al 


^Tes a sul- 




from a small 


slightly CO- 




leafing the 


phur reaction. 




quantity of 


lored by iron, 




lime and mag 






eoda. 


turated be- 
on oooUog. 




nesia infuHible 
on the surface. 
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SODA. 



Fuses, and if 
ronglj heat- 
ed BTOlves ni- 
ls fumes. 
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Betore the Blowpipe 
SODA. (Continuation of page 18(5.) 



Fuses and be- 
haves as the 
preceding. 

J)eflagi^t«s on 

coloring the 
flame yellow. 



FuBes and co- 
lors the flame 
jeUow. 



Fuses ea^7 
glass, coloT- 



DiSiSolves in 
acids with 
violent effer- 



In a glaas-liulb 
with bisui- 
ihate of pot- 
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SODA. (Coutiuuation of page 181.) 







Behavior 


" 


Mineral. 


Formula. 


















(1) 


(2) 


m 








in glass-bulb. 


in open tube. 


on charcoal. 




Boris 


SaB'+iOfi. 


with the evo- 
lution of wa- 
ter, and under 
a strong heat 
fusea. 




Intumceees 
clear bead 

irnpuritiefl. 




Crj-olito 


8NaFl+Al'Fl> 




If heated so 


Fuses to a lim- 








slightly and 


that the flame 


pid bead, whic! 










be allowed to 


on ooohng be- 








of water. 


play up the 
tube upon the 
mineral, fluo- 
rine ia evolv- 
ed, which cor- 
rodes the in- 
terior of the 
tube. 


comes a white 
enamel. If 
heated for 

Eome time, it 

bubbles, gives 
off flnorine 

and becomes 
infusible. 
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SODA. (CautlDuation of page 1S8.) 







B e h a 


vior 




t8) 
Special 














(*) 


(6) 


(6) 


(V) 






m forceps. 


in borfti. 


in mic. salt. 


with carb. soda. 














Gires the 




coal. 






clear bead, 
which be- 
comes crjB- 
talline oo 
cooling. 


boracic-acid- 
reactioc. 




{■uses color- 


Dissolves to a 


As ic boras 


Fuses to a 


If the alumina 




ing the flrvme 


clear bead, 




clear bead, 


residue ob- 










then spreads 


tained be 










out on the 


moistened witli 












cobalt solution 






addition. 




soda is ab- 
sorbed, and an 
infusible mass 
of alumina 


and heated 

Sis a 

beautiful blue 

color. 
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baryta and strontia. 



fiae+CttO. 



Fuses to a 



par Hall J ab- 
sorbed by the 
cliarcoal. 
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BARYTA ASD STROSTIA. (Goutlnuation of page 190-) 



Fuses wilh 
difficulty on 
i. Colors 



Dissolves with 
efferyeacence 
and gives the 
barjta-reac- 



DiBsolvcsvith 
effervescence. 
In large quaa- 
tity gLvea a 
semi-cryatnl- 



clear bei 
then spreads 



Ab in borat. 



but the aatu 
rated bead ii 
milk-white. 



clear be 
then epri 



In dUute HOI 
dissolves with 
much effer- 



Fuses, and ia 
parlJally ab- 
sorbed leaving 
the lime c 
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Turns white, 
giving off wa- 
ter and being 



o."+,0..f 



Ca'Ss + el 



Gives off wa- 
an arsenical 



decrepitates- 
Strongly heat- 
ed loses CO" 
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LIME. (Continnation of page 192.) 





Behavior 


(8| 
Special 














(4) 


(5} 


(6) 


(1) 






in forceps. 


in borax. 


in mic. salt. 


with carb. soda. 






Fuses with 


DJBsolyea to a 


As in boras. 


Behaves as 


Gives the 




difficulty to a 


clear bead, 




lime. The 


sulphurie- 




bead, coloring 


which gives 




alkaline iiiass 


acld-reactloo. 




the Same red. 


the lime-rcac- 
tlon. 




gives the snl- 
phur-reacUon. 






IV. 


Sissolves easily 


Gives the 


Is infusible. 


With micro- 




PrcTionaly 


Rud when in 


lime -reaction. 


The alkali is 


cosmic salt and 




dipped in SO' 


some quantity 




absorbed, leav- 


oxide of cop- 




colons the 


gives an opa- 




ing the lime 


per, gives the 






litie bead. 




on the surface 


chlorine-reac- 




aftemards' 






of tlic char- 


tion. With 




red. 






conl. 


salt in the open 

lube evolves 

fluorine. 




Fnses to a 


Dissolves 


As in borax. 


Fuses, and 








readily to a 




emits As. The 






violet colored 


bead strongly 




alkali is then 




bead, the color 


colored by 




absorbed by 




1 being due to 


cobalt, which 




the ehareoa], 




1 cobalt Colors 


obscures the 




as in the pre- 




1 the flame blue 






ceding. 




at fii'st, then 










fidndy red. 










Glowfl bril- 


Dissolves nith 


As in boran. 


Fuses, and be- 


Dissolves with 


1 liaoUj, color- 


evolution of 




haves as other 


effervescence 


i ing the Same 


CO" and when 




lime-salts. 


in cold HOL 


1 ted. Becomes 


pure gives the 








1 cftuslje and 










ahows a Btrong 


The bead i^ 








1 alkaUne reac- 


generally more 








tion. 


or less colored 
by iron and 












manganese. 
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LIME. (Continuation of page 193.) 



Mineral. 


.„.. 


1 

Behavior 




(1) 
in glasa-bulb. 


(2) 
in open tube. 


(i!) 




Fiuorgpar 


Can. 


Phosphoresces 
with Tiriooa 
colors, when 
heated in the 
dark. Some- 
times deero- 

of water. Be- 




a clear bead, 
which becomes 

opaque on 
cooiing, then 
loses iluorine, 
glows brilU- 
antly and be- 
comes infusi- 
ble. 
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LIME. (ContiDUation of page 194.) 







B eh a 


vio- 




(8) 
Special 














(4) 


(5} 


(6) 


m 


reactions. 




in forceps. 


in boras. 


in mio. salt. 


with curb. soilB, 






As on chac" 


Gires the 






With miero- 




cod. Colors 








cosmie salt in 




the flame red. 






opaqne on 
aoolinR. With 
an addition of 
the alkali be- 


°fte fluorfnl-^ 
reaction. 
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MAGNESIA. 





Formula, 


_— "»' 1 


Mineral. 


0) 

in gkss-bulb. 


(a) 

in open tube. 


(■1 


Brucite 


%B. 


Evolves water. 


- 


- 


Epsomite 


agS+ifl. 


Evolves water 

acid reaction 
on test paper. 


- 


GHves off HO 
md 80', shines 
brilliaDtly, and 
becomes alka- 
line and oaus- 


Boracite 


l!lsS' + !%B 


Oeoasjonallj 
gives off a 
trace of 


- 


intumescencc 

crvstalline 
■bead. 


Mftgnesite . . . . 


figC. 


aometimcB 
smau' uantit 


~ 


Is infusibl.'. 
With oobalt- 
soludon, as- 
sumes a dusky 
flesh tint. 



j,Google 



Bbfoke the Blowpipe. 197 

MAGNESIA. (ContiQuatioo of page 196.) 



coal. Colors 
the :Bame 



whiuh IS crjfl- 
tdline, when 
containing 
much of (be 

is usually 

slighUj tinted 

l>, iron. 



Behaves aa 

Sometimes 
gives a slight 



Aa in borax. 



EehaTes as 


With nitrate 


magnesia. 


of cobalt, give 






The alkali is 


The magne- 


absorbed leav- 


sian residue 


ing_ the mag- 


obtained on 




treating with 


surface of the 






soda (7), as- 


Gives the sul- 


sumesaflesh- 


phur-reactjoa 


tint, when 


on silver. 


treated with 




cobalt. 


With a BinaU 


_ 


quantity of al- 




kali fuses to 




a clear bead 




erystalline on 




cooling. With 




a larger quan- 




tity gives a 








talljzable 




bead. 




Fuses to a 


The Hiagne- 


bead, the soda 


sian residue 


is then ab- 


obtained by 


sorbed, leaving 


fusing with 


an infusible 


carbonate of 
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MAGNESIA. tContiauiiUou of page 197.) 



Mineral. 


,_,.. 


Behavior 




(1) 
io glaa8-bulb. 


(2) 
in opea tube. 


(3) 
on charcoal. 




Uesitine spar. . 


(ligFcSrnjO. 


As magneaite. 




I3 infusible. 

deep brown 
color. 
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MAGNESIA. (Cent: 







B e h a 


rior 


(S) 
Special 
reaetioEs. 




(4) 
in forceps. 


(6) 
in borax. 


in mic. aalt. 


0) 
Hitlicarb.soda. 




V. 


Gives tho 
iron and 
manganese- 


As in boras. 


Ae magnesite, 
but tliH resi- 
dual mass lias 
a dark Color 

msngaiiese. 


Dissolves with 
effervescence 
in warm IICI, 
With carbo- 
nate of soda 
and nitre gives 
a manganese- 
reaction. 
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ALUMINA. 



Sapphire 1 
Corundum > . 
Emerj ) 



Webstcrito . . 



Native Alum. . 



Gives off water 

and, when 
heated to inci- 
pient redaeas, 



Hg + iSS" 
+24H. 



j,Google 



Befokk tmk Blowpife. 
ALUMINA. {ContJDUatioa of page 200.) 



Colors the 
Bsme violet 
1 potasi^a 
ttlum — jelloi 



mic. salt iritb curb, soda. 



if these oxides 

be present. 
Othonvise the 
bead is color- 



In the Olid 
ing flame, gi 
green be; 
le to copper 



oistened, 
blnck stiun. 



The alkali is 
absorbed into 
the charcoal, 
leaving an m 
fusible mass 
whKh giTes 



lotumesoBs 
then fuses ti 

glass colored 
bjjron. With 
more alkali, 

fusible n- 



If not contain- 
ing much iron 
■ miQganeae, 
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ALUMINA. (Coutiimatiou of page 201.) 



Miaeral. 


.-. 


Behavior 




(1) 
in gliisa-bulb. 


(2) 


(S) 
on charcoal. 




WaTPllite .... 
Spinel 


+182.) 
ESI. 


and some fluo- 
rine, which at. 
tacics the glass 




Eifoliatcs and 
t,uraa white. 
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ALUMINA. (Contiuuation of page 202.) 



3 aluHLina. 
■ Generally gives 



Fuaos pari 
I fom 
porous m 



With cobalt- 
Bolution OQ 
charcoal gives 



With nitre 
and carbonate 
of soda a slight 
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silicates 

The presence of mIici in i mineral can CTiily b n=i,{rtained 
by treabug a small fiagment m a beid of mcrufosmii. salt 
The bases will dissolve out with more or less diffii-nlty in the 
salt ind the sihca being insolable will remain suspended in the 
bead, retaining tiie ongmal form of the fragment In borai, 
the silu.ates of !ime and magnesia geneially di soItc with con 
siderable ease bnt those of alumina slowly and with difficulty 
The silicates of lime are moieover frequently characterized by 
mturae^cence or ebullition when heated in the forccjis m the 
blo«pipe flame The minerals presentina- this character are 
maikfd in the table As the mcit convenient modf of ela'^i 
fying the silicates for blowpipe ei:amiii iti m the following 
anangement will be adopted 



I. E«adily fusible to a bead. 
11. With difficulty fasible to a bead. 

III. Eeadily fusible on tbe edges. 

IV. With diffioultj fumble on tlio edges, 
v. lofiiable. 

a. Afford a fluid bead with carbonate of soda. 

b. Afford ft fluid bead with but little of that salt, but with 

a larger quantity a slaggy mass. 
0. Afford a Elaggy mass only. 

This classification of minerals, according to their fusibility 
and their behavior with carbonate of soda, was originally 
proposed by Serzelius, and a table of the principal oxidized 
minerals arranged according to these characters ia given m hia 
handbook of the blowpipe, and thence adopted, with some 
alterations by Plattmr, in the very excellent and detailed work 
already many times cited. In the following general ta.ble I., 
the more important silicates only are included, and in table II. 
are enumerated in alphabetical order those which afford char 
rBflteristic reactions. 
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TABLE I. 
Anhydrous Silicate 




(CajfTgi' (B5i)'+ iSiPoSii) ' 

{SSaj'gi + aSiSi 
fi'Si + SSi 

SaSL + SlSi' 
(&tra)'"Si^ + 2SlSi 
(LiS'a)'Si'' + 4SiS;' 
As Hornblende 
(CaSrg&eWn)' Si' 
{CoE-e)' Si + 2(Sli'^n)gi 
(CaSrg&e)' + (§iSl)= 
Sa'gi + SSlSl + NaCI 
3(CaSrg)'gi + a(»lle)§i 
£gi + 4(SlPe]Si 

(SJra)=S[ + 3»lgi+Sagi 
(RSB)^gi' 

(CaSR£,Si + (*lPe]gi 
(KNaDr+lSlPejSi"? 

fi3; + Si3i» 

SaSi + SlSi' 

B'Si" 

(CaSlgtc)' Si' 

(CaSlg)' 8i' 

2{eal(r65f»£)gi + (SlPe)Si 

As Augite 

(Oaag)'3i' 

(CailgFe)" Si + SlSi + mCr' 
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Fu8. alone 
and ivLth 


Mmera!. 


Formula. 




in. a. 


Anorthite 


(GaSlgSaS:)' Si + 3(SlPe)8i 
{Sag:&)'Si + 2ftl§i 
gi,Sl,i'e,i'e,CafraK 
(ESa]S; + SlSi' 
(LiSa)>gi' + 4Slgi* 

Si,a],Ca,£,Na,fl 
(teetaf'eOa)'gi 
{CaSgS'ej'Ei'? 

(TSlgfoJ^Si' + sSlSi 

BeSi' + aiSi; 
(CalirgFe)' (g'iSl)- 
(KTg&el'gi' 
(]i'Si)" + 9(iier)^Si' 

E=8i' + SlSi' 
(jirg.MgF)' (giSiF') 

(jagFeCaj'Si 
(Sl5<,)=Si= 
Be + Sl 
Sl'gi- 

eai'gi'+(3SlF»+2S!F'| 

ZrSi 

(»l5'e)»e[ 






Obaidlan 


Int. 








b. 


Pumico 

GadoliQite to V. 

Nephrite 

Wollastonile 


Int. 
Int. 














V.a. 

b. 


HyperatheDB 

FucMte 

Leucite 

Chondrodite 

Olivine 






ChryBoberyl 






Fycnite I 












Staurolitfl 





j,Google 



Bbfoke th?; Blowpipe. 





Hydrous 


Silicates. 




and itith 
SaO. 


Mineral 


Formula. 




La. 


Analcime 

Apophjllite 

Brewatetile 

Chabaeite 

Lapis lazuli 


Sa=§i'-J-3SlSi= + 6a 
(6,KF) |S;,SiF')-|- eCaSi +I5S 
(8rSa)Si4-SlSi' + 5fi 
(Ca,Sa,li)' gi' + aSlSi'' + 18fi 
gi,g,Sl,Pe,ea.Sa,fl 
Ca'Si' + SSlSI' + laS 
(iSfaCalSi + SlSi + Sa 
SaSi+5lSi + 2fl 
fia'gi+aiSi + B 
fiaSi+SlSi + Rlr 
(Ca:&a)'Si + 8S!Si+in 

aOa'S + B'Si' + att 
e^i + SiSi' + sa 

0aSi + Sl8i= + 6a 
Oa'Si' + eS 
(CaSaySi' + S 
sStg'gi'+Slgi + 10or6fi 

3[Cafi)Si + 65l§i4-16fi 
6aSi + aig' + 6fl 

ifBa + Sig; + aB 
ft'gi+Egi + (H?) 

Si,Sl.Pe.lilgSa,ta 
fflg'Bi> + 2B 

8CSrgfei=Si-KSlPe)'Si+9B 
Si,Sl.Pe,S,Slg,B 


Int. 
Int. 






Tut 




Natrolite 

Prehnite 


Int. 




Thomsonite 


'••■ 




Heulandite 

Stilbite 


Int. 








11. a. 


Saponite 

Antrlmolite 

Earmatomc 






























Finite 





j,Google 



"Behatioe of Mibkkals 



Fug. alone 



Steatite .... 
Gilbertitfi . . 
Meerschaum 



llig»Si'-(-4.a 
Si,Sl,f'e,Srg,fl 

%gi_+a 

%' Si' + eS 
(CaK)''8i + aSlSi+9fi: 



..Google 



Elowpipk. 



Apopbyllite 



Cbabasite... 
GhoQdrQdite 



Datholite . 
Dialtage. . 
Fuohsite., 



Hjperalhen< 
Evauite . . . 



If transpareut becomes wliite and opaque nhen heated, but 
on inuipieiili fusion resumes its transpareucj and tlien 
fuses to a clear glnas. 



Fuses to a frothy wbil« glass. 

Imparts a green color to the blowpipe flame, owing to the 
presence of borncio ncid. This raaction is especially dis- 
tinct, if the mineral be previously niiied with fluorspar 
and biaulphate of poiasaa. 

Fuses to a white enajnel. 

Evolves fluorine in the glass tube, both when heated alone 
and with microcosniic salt. It sometimes aJso ^vea offa 



Is unattacked by carbonate of soda. With ni 
cobalt on charcoal the finely powdered mineral at 
blue color. 

Fuses to a clear glass and colors the flame green. 

Frequently gives off wafer in email quantity. 

Gives the chromium reaction with borax 



a partially covered plad- 
lows suddenlj and bril- 



salt. 

That from Hitteroe, if heated in 
nam spoon to tow redneas, ; 
liantiy. 

Affords the sulphur reaction both on charcoal acd when 
fused with potassa. It ooutMna both sulphur and sul- 
phuric acid. 

As Diallage. 

As Andalusite. 
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LaumODite ■ . 
Lepidolite.. , 



Okemtc. . . . 
Oliviue .. . . 

Fectolite. . . 

Fctalitc 

Preliiiite . , 

Scolecitc. . . 



Fuses to a white glass, and when treated with carbonate of 
sodi on charcoal, gives the sulphur reaction on silver. 

Wten strongly heated, exfoliates and euvis up, 

, from liihiii; also gives 

salt. 

iomc varietiea, when treated with cobalt solution, assume a 
blue color. 

tn the glass bulb frequently blackens and evolves an empy- 
reumatie odor due to organic matter. When this is 
burnt off, it again becomes white, and if moistened with 
nitrate of cobalt solution and heated, assumes a pink 



a ApuphylKte. 






f Huorine, when fused \ 






Similar to Apophyllite. 

Imparts a slight crimso 

As Chabasite, 

Assumes a blue color, when treated with 



:otOF to the flame, (ike Lepidolite. 



. Gives the chrc 






Similar to Laumonite, but more marked. 

Occasionally contains a small quantity of litiiia, and colors 
the fiame red n-hen fused with fluorspar and bisulphate 
of potaasa. 

If mixed with one-fifth its volume of oiide of copper, 
moistened to make the mixture cohere, and a small por- 
tion placed upon charcoal and heated with the blue oxi- 
dising flame, the outer flame will be colored intenaely 
blue from chloride of copper. 



j,Google 



Before the Blow 



Stilbite..-. 

Tourmaline 

Wollastonite 
Zircon . 



When not too s 



)nsl}' heated, colors the biowj 
iti'onglj, j-ellow. 



As Chabasite, 

When heated, remains clear. Otherwise as Pycnite. 

Gi^-ca the borimic n*id reaction with flourspar aad bisi 
phate of potaasa. 

Colors the blowpipe fla.!ne faintly red from Umc. 

The colored varieties become white or colorlese and trai 
parent, when Iieat«d. la Only eliglitly uttackccl by ci 
bonate of soda. 



..Google 



Behaviok of Minerals 
URANIUM. 



Evolves SO' 
and a white 
Bublimato of 



Uranium ochre 



Cbalcolite .... 



+ 8S. 



(fia + P)t 



Evolves water 
and becomes 



la reducing 
a green color. 
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E K F O R E THE 1! L O W I' I P E . 
URANIUM. (Continuatiou of p. 212.) 



with earb. soda. 



Colors the 
Qunie blue be- 



As borax. 
Also B Bnial 
residue of 



Gives the 
lenction. 



In the oxidiz- 
ing flume gives 

which in the 
redaciug flame 
■aecomeflofa- 
opfujue red, 



iucrustatioD, 



fusible yell 
slag. 



In reducing 

flame yields a 

metallic bead 

ofCu. 
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lOE OF MiNERA 
IRON. 



Gives off 90 
sulphur, which 

blue fltime. 

Residue fuses 

a magnetic 



are evolred, 
the latter 
forrninf; a 

white Bubli- 
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IKON. (Continiiiition of page 214,) 



111 the blue 
flame, fuaea 
on edges and 



then behavf 

an the pre 

£ediiig. 



The roasted 
mineral gives 



!. salt, with cart), soda. 



As in borax. 



black mass, 
which spreads 

coal uid gives 
the sulphur 
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B JO fi A V I <j K OF M I N f; K A L a 

IRON. (Continuiition of piige 21:!.) 





Formula. 


B e h a V i 






(1) 
in glas3-buib. 


(3) 
in open tube. 


(s) 

on charcoal 


Gothite 


PeS. 


Etoivea water. 


- 


- 


Fraiiklinite . . . 


(fcZuilQ) 




_ 


Forms a white 




(PeStn). 






on the char- 
coal, which 

witli tobalt 
solution as- 

COlor. 


Ilmenite 


TiandPe. 








Chromic Iron 


feSr. 


- 


- 




Lievrite 


+.2ffe8i. 


Oecaaioaaliy 

lval«r aud 
turns bliicli. 


- 


Fus«s to a 

black globule, 

which in the 

reducing Same 

becomes 

magnetic. 


Chloropal .... 


PeSi^ + .sa. 


Decrepitates 
more or less, 
gives off mucb 

turns black. 







j,Google 



IRON. (Contiuuatiou uf page 216) 



In the blue 
flame flisei 
on edgea 



As in boras. 



Biderable white 



In reducing 
flame fuaes o 
edges and b< 



Gives the iron 



.1 in borax. 



In reducing 
magnetic. 



of eh TO mate 

of poUisja. 



..Google 



lUjiAViui: OF M[.N'i;jiAi,8 
IRON. .{Conaauadoiiof page ail) 



tcg+ia 



■bulb, in open tube. 



Occasionally 
deevepitates. 
Gives off CO' 



which may be 
recognized by 



..Google 
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IRON. (ContinuatioE of page 218.) 



e.) or violet 
(K). 



Gives off H 
mid S0^ a> 
then behiiT 



A3 on ohar. 

COS.!. Singes 



oxide. With 


solves with 










on platinum 




generally gives 

the manganese 

reaction. 








If dissolved iu 


phide of ao- 


water, and a 






oiideotlron. 


foil be intro- 


The former is 


duced into the 




solution, the 


the charcoal, 


metal remains 


and if cat out 




and laid upon 
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•220 Bkhaviok of Minbkals 

IRON. (Continuation of page 219.) 



(^'.■BIul.i)=&. 



tallic lustre 
resembling 
graphite. 



^6^15 + 4^. EvolvL-a 



Fuses readilj 
magnetic bead 



EmitB arseni- 
cal f^ime and 
in the reduc- 
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i F o R E T n K Blowpipe. 
IRON. (Coutinuadon of page 220.) 



On platinui 
ivire colors the 

(tii ) and green 
(P), towarda 

to a black 



As on ciiar- 
loal. Colors 
(he outer Same 



fusible porous 
raasa, which 
under the re- 
ducing flame 
becomes mag- 



bonate of soda 



j,Google 



222 B E II A V I O It OF M I K li K A L 8 

MANGANESE. 



Psilomelaiie . . 



S'e,Sl,£a,Cu, 
fb.Si, etc. 
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MANGANESE. (Continuation of page 2S2.} 







Behavior 




(8) 
Speuial 














(4) 


(5) 


(S) 


P) 


reactions. 




in forceps. 




in mic. salt. 


wjtli carb. soda 






V. 


The roasted 


In the un- 


Forms a slaggy 










roasted state, 


mass, whiSli 








a strong mim- 


dissolves with 


laid on silver 








,.„„«. 


mucli ebulli- 
tion SHd de- 
tonation due 
to the elimi- 
nation of sul- 
phide of phos- 
phorus. The 
bead tlien ex- 
hibits the 
cliarauteristic 
violet color of 
majjganese. 


and moisteued 
gives the sul- 






T. 


GiTCi) the 


As in borax. 


Forms a 
slaggy mass. 


~ 




V. 












Exfoliates 


As the pre- 


As in borax. 


As the pre- 






slightly. 


ceding. 




ceding. 






V. 


As pyrolusile. 


As in borax. 


As pyrolugite. 


_ 




Colors flame 












faintly grewi 












(Ba) and red 












towards the 












point (Ca). 












V. 


Giyes tlie 


As in borax. 


As pyrolusite. 


Various ac- 




Colors flame 


manganese 






>.o,d.ng ,0 




variously ic- 


reaction, more 






composition 




oording to its 


or less modi- 






Wli.^n strongly 




composition. 


fied by the 
presence of 






heated and 
then moi»tenpd 
has an alkaime 
reaction on red 

litmus paper. 
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B E H A y 1 O K OF M I N K It A L S 
MANGANESE. (ContinmtLon of page 233.) 





Formula, 


B h avi 




Mineral. 


(1) 

ill -i.iss-i)uib. 


(2) 
III open tube. 


m 

on eiiiivconl. 


Rhodoiiltp.... 


Sln=gi'. 


or less water. 




Under a strong 
flame fuses to a 


Diallogite 


lilnC. 


Frequently 
decrepitatea 


- 


If stronglv 
heated and 

an alkaline 
reaction on 
litmus paper 
due to the 
proBencc of Co.. 


TrLpUte 


(>i.F.]'&. 


Generally gives 
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Be i' ORE THE Blowpipe. 
MANGANESE. (Continuation of page 224.) 



with capb. soda. 



i but leaves an 
; insoluble sili- 
19 Ekeleton. 



With a 
quantity of the 
alliali fuECS to 
a black bead. 
With a larger 
quonCiCjforD 
a Blag. 



iVequenilj' 
colors Ibe 
flame slightly 



dissolves with 
much efler- 



Colors 
n liter blowpipe 
flame green 

if). 
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Bkhavioie of Mineral 
nickel and cobalt. 



Gives otf fumes 
of arsenic, and 
fuses to a dark 
grey magnetic 



j,Google 



Befoee thE Blowpipe. 22T 

NICKEL AXD COBALT. (Coutmuittlon of page 226.) 





Behavior 


(8) 
Special 














W 


(C) 


(S) 


(1) 


reactions. 




in forceps. 


in borax. 


in mic. salt. 


with carb. soda 








The roasted 
a nickel reae- 

small quanti- 
ties of iron 
and copper. 


As in borax. 


ver gives the 
'"''■''t^on''""" 








The arsenical 


If the residual 


_ 


Affords a sub- 






bead obtained 


bead which 




limate of me- 






by fusing the 


has been 




tullic arsenic 








treated with 




when treated 






oViarooal, if 






with cyanide 








ther treated 










the same sup- 


withmicrocos- 










port with 


mic salt, the 










borax succes- 


nickel reaction 










siTEly added 


wUl be obtain- 










and removed. 


ed and Eomc- 










gives firstly am 


times a ahght 












copper reao- 










then cobalt if 


lion. 










present, and 












lastly nickel. 












As the pre- 


Gives the co- 




As the pre- 






ceding, but the 


balt reaction, 




ceding. 






cobalt being in 


and after the 










large escees 


cobalt has 










requires som 


been removed. 










time for its 


thatofnickeh 










perfect oiida- 












tion, before 












the nickel re- 












"" Wbited. 
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B !■: n A V I o K of M i n j; r a l s 
NICKEL AND COBALT. (Coiitmualiou of page S'^T.) 



Glance cobalt 






lUoNil'e) 
(S'oKiPe). 



ea a slight ' 
■eofSbO' I 



When strongly 
heated gives 
off sulphur 
Slid becomes 



As glance 
ball, but : 

coinpanied bj 

ilei^se fumes 

of SbO". 

Gives off niuchj In the reduc- 

80' and a jingfliimesn 

Bmall quaiititv ] frjigmenta f 

of AsO'. ' i Willi the ev 

] intion of SI 

phui- to a mag- 



j,Google 





NICKEL AND COBALT. (Coiitinuatioa of p. 228.) 






Behavior 


(8) 
Special 














(*) 


(5) 


(6) 


0) 


reactions. 




in foreepa. 


In boras. 


in mic. salt. 


with oarb. soda. 






_ 


Gives a cobalt 


A3 in borax. 


Gives a sul- 


As the pre- 






and sUglit iron 






ceding. 






reaction when 




of silver. 








treated as the 












preceding 












minerals. 










_ 


A= copper 


Givps thp 


is the pre 


As copper 






nickel 


mtkel rpaitiou 
oteasionallT 

oh-cirtd by 
cobslt 


ceding 


nickel. 




_ 


A3 loppei 


As the pre 


A'^ the prL 


As copper nic- 






niektl 


wdmg 


eednig 


kel generally, 
present. 




_ 


In ihe oxidiz- 


As in borax, 


As glance 


As copper 






ing flama on 


bat the reduc- 


cobalt. 


nlcliel, but the 






charcoal eives 
a Tiolet colored 


tion of the 




aniomit of ar- 






nickel is more 




senic is usual- 






giafa. In tbe 


difficult than 




ly very small. 






reducing flame 


ill the latter 










thevuckeliare 


fltiy. 










duced and may 












be collected in 












a gold bead. 












When the nic- 












kel ia removed, 










the glass exhi- 










I>itB a Blight 










iron reaction 




















Diesolvea with 


As in boraj. 


Forms a 


In ivaim dilute 




much etfervcE- 




slaggy mass. 


HOI disi-olvt-s 




cence and gives 






niih much 






the nickel re- 
nction. 






effirvesitnce 
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Bl^HAVIOR OF MlNKliALS 
NICKEL AND COBALT. (Continiiatma of pftge 229.) 





Formula. 


Bc.a.ior 




Mineral. 


(I) 
in gkss-bulb. 


(21 
ill opeu tube. 


(3) 




Cobalt bloom.. 
Earth J cobalt. . 


Co'ls + eS. 
Srn,Oo,C«, 

l\Ir,eto. 


Giles o£F 
Gires off 


- 


nical fumes 

and in the 
redudug flame 
fuses to Q dark 

grey bead of 

cobalt. 
Emits a slight 

not fuse. 
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Befoee tde Blowpipe. 
NICKEL AND COBALT. (Continmtion of page 230.) 







Behavior 


(8) 




Ii) 


(6) 


(6) 


PI 


Special 




ilfr p. 


n i Drax. 


in niic. salt. 


with carb. soda. 






In tip po at 


Gives the co- 


Ae in boras. 




Gives olT 




ot tie Hu 


balt reaction. 










fiin e f SPS 








cyanide oC 




and (.olor» tl e 








potassium in 












glass tube. 




blue (As]. 












Colors tlie 


In osidizing 


Afl in boras. 


Forma an in- 


With carbo- 




flame blue. 


flume gives 


If a saturated 


fusible mass. 


nate of soda 






tlie cobalt re- 


bead be treat- 










action which 


ed on char- 




platinum foil, 






obscures thoae 


coal with tin 




gives a strong 






ofMii,Cu,e1«. 


in the reduc- 




manganese 






In reducing 


ing flame for 












a few seconds, 










sionally gives 


the Ou veac- 










the <5u reac- 
tion. 


times obtained 
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B I^ II A V I O R OF 51 I N 1 
ZINC. 







Behavior 




MlflCTal. 


Formula. 




















(1) 
in glaas-bulb. 


(2) 
iu open tube. 


(3) 
on ctiarcoal. 




ZhicblfiDda ... 


ZnS, ■ 


Decrepitates 
stconglj. 


Evolves SO 
and becomes 
white or yel- 
low if contain- 
ing iron. 


V. 
In the rcdue- 

charcoal with 
ZnO; niso 
with CdO, if 
that metal be 
present. 




Rad oside of 
Kinc 


Zn. 


' 




In tiie reduc- 
ing flame 
forms a thin 

zinr on the 
ehircoal 




Electric ciihi- 


22n''gi + Sff. 


Gives off water 

and becomes 

wliite and 

opaque. 








Colaraine.... 


2na 


Gives off CO' 

and becomes 

opaque. 


- 


A th 1 
d S 
t 1 





j,Google 



B !■; F o R :■: t n 
ZINC. (Coiitiai 



ISlowimpi 
on of page 232.) 



blue. The 
fuEeil iflkali 



Geoerally give 
langanBse 
)d slight 



Dissolves to 
a clear glnas, 
which cannot 
be rendered 
opaque by the 



which becomes 

opaque 
cooling. Silica 



I thick 
"of ZnO. 



Witt 
nate of soda 
alone is infi 
Bible. With 
parts of alkali 
and 1 of borax 






<tte 



2n, which 
incmste the 
charcoal. 



(8) 
Special 



plaUnum foil 
ganesc reac- 



j,Google 



B E II 4 V 1 O E 



OK ]\[ I N F. K A L e 
M U T H. 







B e b a V i 




Mine ml. 


Pormula. 














(1) 
in glass-bulb. 


(2) 
IE open tabe. 


(3) 
on charcoal 


Native bismuth 


Bi. 




converted into 
a yellow oxide. 


Fuses to a 
bead and !.i- 

crustg the 

charcoal with 

oxide. 




BIS. 




Fuses with 
ebullition and 
gives off B and 


much spirting 
and in the re- 
ducing flame 
jields a nie- 
tallio bead and 
incrustH the 
charcoal, with 
oxide. 


Eismutliblende 


Bi'Si=. 


Turns jellow 

and, when 
strongly heal- 
ed, fuses. 




Fuses Bith 

brown globule 
forming an 
incrustation 
of »i on the 
charcoal. 
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B E F E E T L 

BISMUTH. (CoQtiuiiation of pa; 



O W P I r E . 





B e h a 


vior 




(8| 
Special 


(4) 
in forceps. 


(5) 
in boras. 


(6) 
in mic. salt. 


witlicarb, EOda. 




The oxide 
formed upon 
charcoal gives 
the bismuth 
reactions. 










The oxide ob- 
tained upon 

charcoal gives 
the bisiuuth 
reactions. 


As in boras. 


A a alone on 
charcoal The 
fused alkali 
gives the sul. 
phur reaction 
on silver. 






Gives the bis- 


Aa in boras, 


I'uaea to a 




Fuses with 


muth and also 


but leaves a 


yellow ma.=s. 




«,etoay"l 


an iroc reac- 


silicioua ske- 


Tiie bismuth 




low bfad LO- 


tion. 


leton. 


is then reduced 




lonng the 






to the metaJ- 




outer flame 






llo state and 




bluish Ereen 






partially vola- 




eerecialW if 






tUized, incruat- 




m latened 




1 ing the char- 




TV til HCl 




' coal bej-ond. 




T]i cobr s 




1 




d«s to e. 
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BISMUTH 


(Coutiiiuatioa 


of page 235.) 










Behavior 




Mineral. 


Formula. 






(1) 


(2| 


(1) 








in glaas-bulb. 


in open tube. 


on charcoal. 




Tetradymile . . 


BL,Te,S. 


Occaaiooally 


Fuses «nd 


Fuses to a 








decrepitates 


gives off white 
fumes, part of 


metallic bead, 








Md then fuses, 


colors the 








forming a 


which paag up 


outer flame 










the tube and 


bluish green 








rabUmalfira. 


part depout 
imniediatelv 


(Te and So) 








mediately 


and incrusts 








above the 


above the 


the charcoal 










mineral. This 


around with 










latter if heated 

drops (TeC). 

The mineral re- 
sidue becomes 

surrounded by 
fused Si, cha- 
racterized by 


the orange Si, 
beyond which 
is a white in- 
crustaHon part- 
ly consisting 
of Te. 
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BISMUTH. (Continuation of page 336.) 







B e h a y i r 


(8) 
Special 














(4) 


(S) 


(6) 


(7) 






ia forceps. 


in borax. 


in mic. salt. 


with carb. soda. 








The yellow 




In the reducing 


The fused a]l:a- 






oxide obtained 




flame yields a 


line mass gives 
the sulphur 




















tallic bianiHth, 


reaction oa 






ninth reaction, 




part of which 


flilver. Also 






and the nhite 




the tellnrium 


gives the tellu- 










volatilized ant 


with charcoal 










mcrusts the 








lurie acid. 




charcoal 
around. 


of soda. 
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>R OF MlNUEALS 
LEAD. 





.0™.. 


E.n.,1., 




Mineral. 














(1) 


(2) 


(3) 








iu glaas-bulb. 


in open tube. 


on cbartoal. 




Galuiw 


TbS. 


GeneraUy de- 


Gives off SO', 


Fuses and is 








crepitates and 


and when 


reduced afford- 








gives off a 


strongly heat- 


ing a bead of 








smiill Quantity 


ed, a white 


metalUc lead, 








of sulphur/ 


fb,§. 


ofPbOonthe 
charcoal. Co- 
lors the outer 
flams blue. 




ClaiisthalUe... 


PbSe. 


Decrepitates 


Forais a sub- 


Gives off fumes 








slightly. 


limate of se- 
knium, which 
id grey when 
thickly depo- 
rted, and red 
when thin. 


smelling 
fltrori^y of 

selenium and 

eolortag the 
flame blue. 

Iu the reduc- 
ing flame fuses 

pnrtJally and 
iiicniGts the 

charcoal with 






















Se and PbO. 












After some 












time a black 












infusible mass 












alone remaina. 




Jameaoiiite 


^b^Sb'. 


Fuses and giyea 


Fuses and 


Fuses with 








off some sul- 


emits dense 


great ease 








phur, sulphide 


white fumes of 


evolving much 










SbO', which 


SbO' and PbO, 








and anHmoiiy 




which incrnsts 








which con- 


redden bine 


the charcoal 








dense in the 


litmiis paper. 


around the 








neck of the 




mineral When 








bu!b. 




the fumes have 
ceased, a small 
bead of me- 
tallic lead 
remains. 
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Ji) Ji !■ O li K T U K B L O W !■ I P E 
LEAD, (ConHiiiiation of page 23S.) 



salt, with carb, soda. 



formed upon 
charcoal gives 
the lead 



The infusible 
-csidue obtain- 
ed upon char- 



aad cobalt re- 



Ab alone ou 
charcoal. The 
fused alliali 



With carbonate 

alate of potash 
yields a metal- 
lic bead, tlie 
fused alkali 
laid upon sil- 

tened produces 
a stain ^milar 
to that pro- 
duced by sul- 



pbu. 



(8) 

Special 



j,Google 



J3ei-iaviok of Mineea 
LEAD. (Continuation of page 239.) 



Duei-epii.ates 
and (jives off 
a giuiiU quan- 
tity of water. 



idncecl first 
litharge 
(PbOJ and then 
metallic lead 
which for 
the 



Gual ii 



Fuses readily 
ind is reduced 

to metslhe 
lend Willi the 



of PbCl, and 

a yellow one 

of PbO. 



charcoal 

around with 

PbO. 

In the oxidiz- 
ing fliimo fuRes 
to a clear bead, 
which Ijecoi 
opaque oi 
cooling, 
reducing flame 
ia reduced 
with much 
ebuUiyon to 
, inetalliu be.id 

the chai'coiil 



..Google 



LEAD. (Continua 



salt, wilh carb. soda. 



Gives the lead 



Gives the lead 



Gives the chlo- 
with OiiO and 
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Behaviok of Minerals 
LEAD. (COQtiiiuatiou of page 241,) 



PbOl + Sf^'P. 



Decrepitates, 
and when 
strongly heat- 
alight white 
Bublimate of 
PbCi. 



FbCI+aPb'Sf 



As the pre- 
ceding. 



In oxidizing 
flame fuses to 
a, bead having 

a crjstalhne 
Eucface on 

forms a thin 
Hm of PbCI 

on the char- 
coal. In re- 
ducing lla,mc 
fuBca without 
reduction and 
on cooling as- 
eumea a poly- 
hedral form. 

Incrusta the 

charcoal 

slightly with 

PbO. 

FuBcs, but less 
caaly than the 

preceding, 
gives off AaO= 

the charcoal 
with PbCl. 
Fmally is re- 
duced to a 
metallic bead 
and forma an 

of PbO. 
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LEAD. {Continuation of page 242.) 



salt, witlica.rb.si 



The oside 
formed on 
charcoal give 
the lead rea& 



Is reduced 
jieldiiig a 
metallic bead 
SiDd iucrnsting 
the charcoal 
with PbO. 



CuO. Also the 
phosphoric 



As the pre- 
ceding. 
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Behavior of Mineeals 





LEAD. 










B e h aT i r 1 


Mineral. 


Formula. 














(1) 


C^) 


(3) 








in open tube. 


on charcoal 


Vanadinite . . . 


PbCl+sI^'V? 


Aa pyramor- 
pliiW. 




The powdered 
mineral tasea 

to a blfluk 
shining mass, 
whicli in the 
reducing Hame 
affords a me- 
talUo bead. 
Incniats the 
charcoal first 
with a ivhita 
film of PbCl 
and afterwards 
with PbO. 


Croeoisitc 


Pb5r. 


Decrepitales 
vlolpiitly and 


- 


Fuses and de- 
tonates, yield- 
ing CO* and 






tssamea « dark 








OOlOf. 




metallic lead, 

an incrustation 

ofFbOonthe 

charcoal. 


Molybdate of 


PhM. 


As the pre- 




Fuses and is 






ceding. 




partly absorb- 
ed into the 
charcoal leav- 
ing a globule 
of metallic 
lead, which is 
partially oxi- 
dized and in- 

charooal, 

1 
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LEAD. (CoutinuatLon of piige 244.) 



glass, whicb, 
in the osidiz- 
ing flame, U 
yellow wbile 



In oxidizing 
flame is jellow 
while hot, be- 
coming paler 

on cooling. 

In reducing 

" " brown 



erald 






dilj and colors 
the glass jel- 
low while 

green wheji 

(SeeChrominn. 
reaction.) 



On platini 

a yellow bead, 
which is crys- 
talline on 
coohug. On 
eharcoal yieide 
button of 
iialKo lead. 



in a, platinum 
spoon with 
from 3 to 4 



Oo platinum 

foil givoa a 

dark jellow 

iM, which 

I coolmg. 
On charcoal 
yields a me- 
tallic button. 



lor when cold. 

Treated as 
above with 
fi,S" forms a 
violet colored 
inasa, which 
on solidifying 
becomes red- 
dish and on 
cooling pale 
grey. 

■C Fused as above 
with fi,S" 
rms a yellow 



this be dis- 



latter becomes 



j,Google 



Behavior of Minkkai 
LEAD. (Continuation of page 245.) 



Mineml. 


rormuk. 


B.h.vi., 




(1) 
iu gkas-bullj. 


m 

in open tube. 


(3) 




SclieeletJno... 


PbW. 


rt'KS. 




Fueea to a 
bead incrust- 
ing the ehar- 
i:oal with PbO. 
Tlie bead on 

tallineVd has 
a dad; metal- 
lic surface. 





j,Google 



Befoee thk Blowpipk. 247 

LEAD. (Continuation of page 246.) 



a, which in 
the reducing 
le beooniea 
yellow, and on 
cooling grey 
and opaque. 



clear colorless 
glass, which in 
the reducing 

B, dusky blue 

color. After a 

time becomes 

opaque. 



j,Google 



Behavior op Mineeals 
COPPER. 







Behavior 




Mmerid. 


Formula. 






(I) 


(2) 


(8) 








in gliiaa-bolb. 


in open tube. 


on charcoal. 




Native copper 


Cu 






Fuses to a 
brilKant me- 

talUc bead, 
which on cool- 
covered with 
a coating of 
black oiida. 




VitreoHS cop- 


Cu'S. 




Evolves SO' 


Fuses to a 




per 






and, when pul- 
verized and 
gently heated 

is converted 
Into CuO. 


bead, which 
spirts consi- 
derably and 
gives off 80'. 
When pulver- 
ized and gently 
roasted, is con- 
verted into 
CuO. 




Copper pyrites 


e«Pe. 


Deerepitates, 


Evolvca SO' 
and 13 finally 


Fuaes readily 
with much 








gives a subli- 


converted into 


ebullition and 








mate of sulphur 




is magnetio 








and becomes 


mixture of 


on cooUog. 








bronze colored 


Fe'O" and 










on the surface 


CuO. 







..Google 



Before the Blowpipe. 349 

COPPER. (Continuation of page 248.) 



In the oi:idii- 
ing flame dia- 
ioivea and then 
ts the cop- 



Tlie roasted 
e copper re- 



Aa the pr 
iding; b t 
I en the cop 
per has be 
removed b. 
reducing on 
charcoal, the 
bead shows a 



As in boras. 



ovming NaS 
and metallic 
copper. If the 



upon silver, il 
gives the sul- 
phur nattion 



•■ which ven 
1 the char- 
coal T" 
fused alliah 
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COPPER. (CoQtlmiatiOH of page 349.) 



(euAgFeZa)' 
(sVas). 



decrepi 
fuses, and when 
tery strongly 
heated, givea a 
red sublimate 

ofSbwithgb, 
ilso somotiniei 
a blaok subli- 
mate of _Ug 

ally As. 



and gives 
off thick fumea 
of SbO' and 
SO', also gene- 
rally AsO=, 
lenTing a black 
infusible leei- 
due If Hg 
be present, it 
is subUmed aad 



Decrepitates 
occasionally 
and gites a 
red sublimate 



Decrepitates 
giving off sul- 
phur and, when 
strongly heal^ 

ed, Sb aad gb. 



bead, which 
fumes strongly 
aad incrusts 
the charcoal 
with SbO=, 

ZaO, which 



yes S and 
Sa, which con- 



lb, Sb and 
tbSb. Also S. 



reiagnetic bead 
giving off a 
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COPPER. (Continuation of page 260.) 





B eh a 


y i o r 


(8) 
Special 














(4) 


(5) 


(6) 


(1) 








ia borax. 


in mio. Bait. 


with oarb. soda 








The residue 


As the pre- 


With this flui 


If the copper 






obtained on 




and a little 


bead obtained 






charcoal thor- 




boras yields a 


by fusing upon 






oughly roaate< 




bead of mctal- 








gives a copper 




ac copper ; on 


soda ba cupel- 






reacOon, and 




siher, the al- 


led with assay 






when the lat- 




baline mass 


lead, a silver 










rives a sul- 
phur reaction. 


bead wiU be 






remoTed bj 




obtained. Ocif 












dissolved in ni- 






charcoal, an 






tric acid and a 






iron reacljon. 






drop or two of 
HCOl added, a. 

will be formed, 
which may be 
collected and 
reduced with 
carbonate soda 






As the pre- 


As the pre- 


Yields a copper 


_ 






ceding. 


ceding. 


bead and metal 
lie iron in the 
form of a dark 
grey powder. 
The fused alliah 
gives the sul- 
phur reaction. 








If the bead 
obtained on 
charcoal be 
fused on that 
support in the 
reducing flame 


As with borax. 


Tielda a bead 

per and lead 
and incmsts 
the charcoal 










with Sb and 








with bom, a 




tb. Theaika- 








slight iron reac- 




hno mass Md 








tion ia obtain- 




on silver and 








ed, and after a 




moistened 








time a copper 




gives the sul- 





j,Google 



Ueuavior of Minkeal[ 
COPPER. tContinuatiou of page 251.) 



CuCl-f-BCu 
+ 63. 



iduocd, form- 
ng a bead of 
metallio cop- 



Fuses, coloi 
tie flame blue, 
forrae a brown 
and a pale 
grey incruata- 
Ijon on the 
charcoal, and 
is reduced to 
metallic cop- 
per, leaving a 
small quantity 



In the osidi 
ing fame b 

ing flame red. 



j,Google 



Be POKE THE Blowpipe. 
COPPEE. (Contimmtion of page 252.) 



Fuses and CI 
lora the flame 

emerald g 
ir if prerioualy 
moistened 

witli HCI, blue. 



blue and greeo 
towards tiie 



As with borai. 



As WLtli bonm. 



la reduced ti 
a bead of me 
tallic copper. 



Is reduced, 

jieMiug a bend 

of metallic 



The eilica re- 



"With a e 
quantity of 
carbonate of 

bead, which 

ture. With 
forms a slag. 



HCI with much 
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COPPEB. (Coatmuation of page 253.) 



posed, giving 
off SO"^ and 



la in tlie glass 
bulb. Then 
fuses, coloring 
he outer flam 
gieen, and is 
reduced to mt 
tallio copper 

and6u. 

Gradually heat- 
1, turns black 
ad fuses to a 
3ad, haying 8 
ore of metal- 
lic copper. 



fumes to a 
brittle regu- 
lus, brown ex- 
ternally and 
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COPPER. (Continuation of page 264.) 



LC, salt, witlicurb.soda. 



Fuses, but does 
not color the 
fiame distinct- 
ly. On. cooling 
'i black and 
orjstallLne. 



1 cooling has 
, eryetallint 
surface. 



The roasted 
mineral gives 
the copper 



lie copper. The 
alkdine mass 



With much of 
the alkali is 
decomposed, 
yielding me- 
tallic copper. 
Willi small 



tumesces, fuses 
with a strong 
flame, and is 
then absorbed 
into the char- 
coal, leaving 
metallic cop- 
la reduced, 
yielding me- 
tallic copper. 



j,Google 



ANTIMONY. 



b' + Sb. 



Fuses and, 
when alcongly 
lieated, volati- 
lizes being re- 
depo^ted in 
the tube aa a 
dark grey aub- 
llniate. 



Fuses readily 

ally gives off 
a small quan- 
tity of snlphur. 
Strongly heat- 
ed fonns 



orange colored 

subliiiiatc. 
Strongly heat- 
ed, is decom- 
posed and give; 
black Bubli- 
late, which 
comes browi 
m cooling. 



Fuses and gives 
off deuse white 
fumes, which 
are partly re- 
deposited on 
the tube, 
melsmes also 
gives off arse- 
small quantity. 



Fuses and gives 
offSO^ which 
passes off up 
the tube, aud 
dense white 
fumes of 
SbO' and SbO', 

which are 
partly deposit- 



jff dense white 
fumes, which 
thickly inerust 
the charcoal 
and color the 
blame blue 
immediately 
beyond the 
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ANTIMONY. (ConUnuation of page 256.) 





6 e h a 


vior 




(8) 
Special 










(4) 


(B) 


(B) 


P) 


reactions. 


in forceps. 


in boras. 


in mic, salt. 


witiicarb. soda. 




- 


The oxide 
formed upon 
charcoal gives 
the antimony 


As in borax. 


- 


The incrusta- 
tion on the 
oharooa!, if 
treated with 
nitrate of co- 
balt assumes 




reac loiiB. 














the character- 










istic green 










color. 




As the pre- 


As in boras. 


Fases and is 


As the pre- 




ceding. 




reduced, jield- 
ing metallic 
antimony, 

which behaves 

as the preced- 
ing mineral 

upon chatooal 
The alkaline 


ceding. 
















mass gives 










the sulphur 




1 


As native 


As in borax. 


As the pre- 
ceding. 


As native 



j,Google 



Behavior of Minerals 
ANTIMONY. (CoutiQuation of page 251.) 







Behavior 




Miueral. 


Formula. 




















(0 


m 


(3) 








iu glaas-bulb. 


iu open tube. 


on charco.il. 




White finti- 












mony 


SbO». 


and recon- 

deaaed in tlie 

necli of tlie 

tube. 


bulb. 


evolution of 
dense white 
fumes, which 
incrnat the 
surface of the 
charcoal. In 

iiame is partly 
reduced, yield- 
ing metallic 
antimony. 
Colors flame 
blue. 
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ANTIMONY. (ConUnuation of page 258.) 







B G h a V i o r 




(8) 
Speeial 














(4) 


(5) 


(fl) 


(1) 


reaetiona. 




in foroepa. 


in borax. 


in mic. salt. 


with carb. soda 






Faeea and ia 


Girea the 


As in borax. 


In the redue- 


As native 




TOltttilizod, 








antimooy. 




coloring the 
outer Same 






roduced, yield 










ing metallic 






blue. 











j,Google 



Bebaviok of Mineeals 
ARSENIC. 



Mineral. 


Formula. 


Behavio. 
















(1) 


(2) 


(S) 








in glass-bulb. 


in open tube. 


on charcoal. 




Native arsenic 


&s. 


Sublimes with- 


Ifgently heat- 


Passes off as 








out fusion snd 


ed in a good 


AsO', which 








recoDdenisesas 


current of air 


thinly incrusts 








B dark grey 


passes off as 


the charcoal 








metallic aub- 


AsO=, which 


beyond the 








limate, Bome- 


ia partly con- 


assay. 








Omes leaving 


densed as a 










ismaUreradue 


white Bubli- 

mato in the 

upper part of 

the tube. 






Realgar 


AsS'. 


Fuses, enters 


Gently heated 


Fuses and 








into ebullition 


passes off a,s 










and is sub- 


SO'andAsO", 


arsenious and 








limed as a 


the latter of 


sulphurous 








transparent 


which is rede- 


acids. 








red sublimate. 


posited in the 

upper part of 

the tube. 






Orpimeiit 


AsS^ 


As the pre- 


As the pre- 


As the pre- 








ceding, except 


teding. 


ceding. 








that the sub- 












limate ia of a 












dark yellow 
























cold. 








Wliite arsenic 


AsO^ 


Sublimes with- 
out fusion and 

white cryatols. 




Sublimes and 
is partly re- 
condensed on 
charcoal form 
ing a white 





..Google 



Befoee the Blowpipe. 
(Contmuatioo of page 260.) 



that the S 
combines with 

the alkali 
forming KaS, 
which on 

:r giTBB the 



end, ia reduced 



j,Google 



lOK OF Minerals 
MERCURY. 



Volatilizes will 
little or no 
residue and 

■econdenaea ii 
□eok of bulb. 



If gently heat- 
ed ia dccoii> 

metallic luer- 

eurj, which 
Tolatilizea and 

reoondonaes 
ia the upper 

part of the 
tube, and SO', 
nhich piisaea 
off aud ia 

eamlj reoog- 

odor and 
bleaching pro- 



Is volatilized, 
generally leay- 

iDg B small 
earthy residue. 



lie mcrcurj 
volatillaea 



the oxidizing 
jlame, iacruEts 
the charcoal 
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MERCURY. (Continuation of page 262.) 



(8) 
Special 



With carbo- 


When in the 


nate of eoda 


preceding bi- 


and cvaiiido 


perinient the 






s deoomposec 


been entirely 


and metallic 




morcury vola- 




tilized. 


due laid on 




aUver gives a 




sulphur reac 



j,Google 
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SILVER. 






I of 



Gives off dense 
white fumes, 

which are 
partly deposit 
cdiu the tube. 



dark bi 
oxide on the 
charcoal. If 
ajiy antimony 
be present, it 
affords a ciim- 



and when the 
antimony is 
learly expelled 



d h reduced 
metallic sil 
r. If impure, 
small quan- 
ty of she 



..Google 
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SILVER. (Coutinuation of page 264.) 



The residual 
alag (if a . ; 
obtained upon 
charcoal gi 



j,Google 



J Ji; il A V J (J J£ OF M I » K R A L S 
yiLVEll. (Coiitiuuatioii of page 265.) 



Miuecal. 


Foraiiila. 


B.^.rlo. 














(1) 


{'» 


m 








in gkas-bulb. 


In open tube. 


oa cliaruoaL 




Stephauite 


Ag"Sb. 


Decrepitates, 


Fuses and 


Fuses and in- 








fuses and ^ves 


gives off SO' 


vriMU tlie cha- 








a slight subli- 


and dense 


coal with aoti- 








mate of aul- 


nbite untimo- 


luonious acid. 








]diide of anti- 




leaving Ag 








monj. 




with some aa- 
timony. If 
the ffaioe be 
contmued, a 
red inorosta- 
tion is formed 
and finally » 
bead of pure 










; Bilver rem'aiiis 












t^Zlf^sU^ 
















Pji'arg jiite . . . 


Ag'Sh. 


Sometimes 


As the pre- 


Fuses with 








decrepitates, 


ceding. 


much spirting 








fuses readily, 




and covers the 








flud, when 




charcoal witli 








Htrongly lieat- 












ed, gives a 




fumes. When ; 






dark red sub- 




the residual 






limate of SbS^ 




AgS is heatGil 
foe soma time 
in the oxidiz- 






















ing flame, a 












bead of pure 












silver is ob- 
tained. 




ProuatJte 


Ag"AB. 


Fuses and at 


Gradually heat- 


As the pre- 








a low red heat 




ceding, eioppt 








affords a small 


AsO'ttndSff'. 


tliat a large 








sublimate of 




quantity of 








AsS". 


antimony 
fumes, 


A30= and but 
little SbO= are 
give., off. 
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SILVER. {Continuation of page 36G.) 



sail. Mitii carb. si 



Tlie silver is 
reduced and 
the autimonj' 



Aa etephanite, 
except that 

I is given off 
I and but tittle 
j antimony. 
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Bkhavioe of Minerals 
SILVER. (ContiDuation of page 267.) 



Mineral 


Formula. 


B e h a y i r 




(I) 
in glass-bulb. 


m 


(3) 




Horn silTfic. . . 


AgCI. 


Fuses, but UD- 
dergoes no 
further change. 




Fuses readily 
in the oiidiz- 
ingBame. In 
the reducing 
lame is aloivlj 
reduced yield- 
ing metallic 
silver. 
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SILVER. (Continuaiiou of page 2tiS.) 





B e li a T i r 


(8) 
Special 
reacdous. 




(4) 
in foroepa. 


(6) 
inborai. 


<8) 
in mic salt. 


0) 
witli oarb. soda. 










U rapidly re- 
duced to me- 
tallic silver. 


if eat up into 
small ' pieces 
mixed with 
oxide of cop- 
per and tlien 
heated before 
the oxidizing 
Same npon 

colors the 
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